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ABSTRACT

SYSTEMATIC REVIEW:
THE EFFECT OF HEARING AIDS ON BALANCE AND FALLS
By
Natalia Beatriz Pagan-Guadalupe

Adviser: Barbara Weinstein, PhD

Background: The population of individuals 65 years old is increasing and falls are one of the most
prevalent causes of disabilities among this population. Recent studies have found association
between neural hearing losses and increased risk of falls, suggesting that hearing is an important
input that assist visual, proprioceptive and vestibular inputs in maintaining balance. Hearing aids
are known to be beneficial to improve access to sound; however, it is very limited the research
regarding the effects of amplification on balance and risk of falls.

Objectives: This systematic review intends to gather and analyze all the research available
regarding the effect of using hearing aids on improving self-reported or tested balance outcomes
as well as on decreasing self-reported or objectively measures of falls in adults with hearing loss.

Methods: EBSCOhost/Medline Complete, ProQuest, PubMEd, Cochrane Library, ScienceDirect,
BioMed Central and Google Scholar, were searched for articles between 2012 to 2020 using
specific key terms. Inclusion parameters were: 1) studies from 2012 to 2020, 2) peer-reviewed
articles, 3) adults (> 18 years old), 4) articles in English or Spanish, 4) randomized controlled trials
or retrospective studies that compared using hearing aids versus not using hearing aids and 5)
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studies that included vestibular pathologies. The following exclusion criteria was established: 1)
studies with a pediatric population (< 18 years old), 2) studies with individuals who have had
vestibular rehabilitation, 3) studies of participants with dual sensory impairment (vision and
hearing loss) and 4) studies that included participants with acute medical conditions (e.g., strokes).

Results: A total of ten studies that analyzed the effect of hearing aids on balance outcomes and a
total of four studies that analyzed the effect of hearing aid on falls outcomes measurements were
included in this systematic review. For the first objective, six out of the ten studies suggest
significant benefit of using hearing aids on balance outcomes. For the second objective, all four
studies showed positive association of wearing hearing aids on fall related outcomes.

Conclusion: Finding in this systematic review suggest that there is a benefit of using hearing aids
on both balance and fall related outcomes for older adults with hearing loss. Our analysis suggests
that there is a possible improvement in balance and decrease in frequency of falls, particularly, for
adults with hearing loss and concomitant vestibular loss. It seems that these individuals benefit
more from auditory cues to maintain balance.
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INTRODUCTION

Estimates by the CDC reveal that the population of individuals 65 years and older is
increasing. Specifically, the US Census Bureau’s (2019) population report shows that the
percentage of residents 65 years and older increased from 12.4% in 2000 to 16.5 % in 2019. The
national median age has increased as well from 35.3 years in 2000 to 38.2 in 2018 (Bureau, 2018).
Also, life expectancy for individuals 65 years and older is greater than previous years with it being
19.5 years in 2018 (National Vital Statistics System, 2020). Among this population, life expectancy
for females is greater than in males, with an average of 20.7 years and 18.1 years, respectively
(National Vital Statistics System, 2020). This means that, for instance, a female that is 65 years old
in 2018 will live in average until approximately 2039. Essentially, Americans are living longer,
getting older and having fewer kids. The current makeup of the U.S. population can be better
understood with the population pyramid by Roser and colleagues (2013). A population pyramid,
seen in Figure 1, shows the amount or percentage of a population by age and sex (Roser et al.,
2013). In developing countries, the pyramidal shape (Phase1) of the population distribution is
caused by an increase in the amount of births, relatively high infant mortality and low life
expectancy (Roser et al., 2013). In contrast, in developed countries like the United States, the shape
changes (Phase 4) due to fewer births, lower infant mortality and higher life expectancy (Roser et
al., 2013). This implies that we have a growing population of older adults that might not have the
necessary support from the younger generation.
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Figure 1. Representation of the stages of the demographic transition. Stage 1 is called and is due to high
birth rate, high death rates and short life expectancy. Stage 2 is caused by high birth rate, decrease in death
rate and slight increase in life expectancy. Stage 3 where there is a decline in birth rate, low death rate and
increase in life expectancy. Stage 4 characterized by low birth rate, low death rate, higher dependency ratio
and longer life expectancy. Lastly, stage 5 death rate and life expectancy remain unchanged, but birth rate
can still change. (Figure in public domain retrieved from: from: Roser, M., Ritchie, H., & Ortiz-Ospina, E.
(2013).

These demographic trends are projected to continue until 2050 and it will be necessary to
pay close attention to this population needs and concerns because along with the increase in life
expectancy comes an increased prevalence of co-morbid health conditions. For instance, chronic
illnesses like heart diseases, cancer, chronic bronchitis, stroke, diabetes mellitus and Alzheimer’s
diseases are the most common chronic conditions with approximately 60% of older adults having
2 or more chronic conditions (U.S. Department of Health and Human Services, 2020).
Additionally, falls are the leading cause of injuries among older adults with 1 out of 3 older adults
falling every year and half of them telling their doctor (U.S. Department of Health and Human
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Services, 2020). Furthermore, falls are treated in emergency departments every 13 seconds and
claim a life every 20 minutes (U.S. Department of Health and Human Services, 2020). As figure
2 shows, efforts have been made for a long time to decrease the percentage of older adults who
had moderate to severe functional limitation to a 26.4% from 29.3% in 2011 (U.S. Department of
Health and Human Services, 2020). Similarly, as shown in figure 3, in 2011, there were 5,235.1
emergency department visits per 100,000 due to falls and the objective of Healthy People 2020
was to reduce them by 10% in 2020 (U.S. Department of Health and Human Services, 2020).

Figure 2. Healthy People 2020 national analysis of adults 65+ years with moderate to severe functional
limitations in 2011 by sex and their expected target of 10% improvement by 2020. (U.S. Department of
Health and Human Services, 2020)
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Figure 3. Healthy People 2020 national analysis of emergency department visits for falls in adults 65+
years and older in 2011 and their expected target of 10% improvement by 2020. (U.S. Department of Health
and Human Services, 2020)

Falls can be prevented by targeting modifiable risk factors such as vestibular disorders,
postural hypotension, vision impairment, foot problems and medication adverse effects (Haddad
et al., 2018). While hearing status is known to be a risk factor for falls, it is rare that health care
professionals make the connection. In fact, the U.S. Preventive Services Task Force
(USPSTF)(2018) guidance on falls prevention discusses burden of disease in depth and states that
primary care clinicians should perform a brief risk assessment that takes into consideration age,
previous history of falls, along with assessments of gait and mobility, like the Timed Up and Go
test, to identify adults who are at an increased risk for falls. The USPSTF (2018) along with the
American Geriatric Society (AGS) recommend a more detailed multifactorial risk assessment with
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multicomponent interventions in older adults that had fall at least twice in a year, have gait or
balance problems, or present an acute fall. This assessment should include balance and mobility,
vision, orthostatic or postural hypotension as well as medication and home environment (US
Preventive Services Task Force et al., 2018). Both of these risk assessments clearly exclude any
information regarding hearing status. Similarly, in terms of interventions for fall prevention, the
USPSTF (2018) recommends effective exercise interventions that include gait, balance, functional
training, resistance training, flexibility and endurance training. Also, multifactorial interventions
where a multidisciplinary comprehensive assessment combines components like balance, gait,
vision, postural blood pressure, medication, environment, cognition and psychological health, are
recommended (US Preventive Services Task Force et al., 2018). Once more, excluding hearing
status.
According to the National Institute on Deafness and Other Communication Disorders
(2017), the prevalence of hearing loss increases from 0.8% in the population ages 20-29, to 24.7%
in the population aged 60-69. Hearing loss in older adults, is associated with incident dementia,
driving ability, and walking difficulty (Lin et al., 2011). Like all sensory losses, when left untreated
hearing loss increases risk of cognitive decline, dementia, social isolation, depression and
falls/balance disorders as well (Rumalla et al., 2015). Specifically, Lin and Ferrucci (2012)
observed that individuals with even a mild hearing loss are three times more likely to fall than
normal hearing controls. Moreover, their research suggests that the risk of falling increases by 1.4fold with each 10 dB HL of hearing loss (Lin & Ferrucci, 2012). The mechanisms by which hearing
loss is related to balance is thought to be the through the loss of the labyrinthine function (Campos
et al., 2018). This is, hearing loss is suggested to be a marker for vestibular losses contributing to
postural stability and overall balance (Campos et al., 2018). Campos and colleagues (2018)
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explained that another possible explanation is that hearing loss can reduce older adults’ ability to
use auditory cues that are important to self-motion perception, including reduced audibility of high
frequency sounds and age-related declines in sensitivity to inter-aural time differences (ITDs) and
inter-aural intensity differences (ILDs). Specifically, older adults with high frequency hearing loss
have reduced access to ILDs as a reliable cue for sound localization (Campos et al., 2018).
Furthermore, older adults experience changes in supra-threshold auditory processing, temporal
processing, that limits their capacity to detect ITDs requiring higher thresholds and twice the time
delay to detect them (Campos et al., 2018). Hearing loss is associated with reduced physical
activity levels which contributes to an increased risk of falls as well (Campos et al., 2018). A third
possibility, according to Campos (2018), is that that some of the processes for gait and balance
consume cognitive resources, therefore the brain needs to allocate and prioritize these resources
when a person is simultaneously performing a task. It is well known that with age, there are often
sub-clinical declines in cognitive processing in healthy adults which are even greater in individuals
with cognitive decline (Campos et al., 2018). Decline in auditory processing even in normal
hearing older adults and this effect is even more pronounced in individuals with hearing
impairments (Campos et al., 2018). With poorer auditory input, listening requires more effort and
therefore more cognitive resources (Campos et al., 2018). Effortful listening is greater when
interpreting speech in noise and, similarly, more effort is needed when listeners are trying to use
spatial sound cues important for self-motion perception. Campos and colleagues (2018) suggest
the following hypotheses as mechanisms underlying the link between hearing loss and mobilityrelated difficulties:
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1. Hearing loss increases listening effort, therefore those with hearing loss allocate
more cognitive resources to listening and less cognitive resources to support
mobility.
2. Individuals with age-related hearing loss (ARHL) or presbycusis have a parallel
vestibular loss
3. Hearing loss results in social isolation and decreased participation which leads to
physical/cognitive inactivity causing decline in physical and/or cognitive
functioning
4. Concomitant pathological conditions (e.g. metabolic microvascular pathologies)
result in both hearing loss and poorer physical conditions
In summary, maintaining balance is very complex and requires the successful integration
of visual, proprioceptive and vestibular inputs, among others (Stevens et al., 2016). Even though,
there is more than one possible explanation, studies suggest that audition provides a fourth input
for balance and that amplification strategies (Stevens et al., 2016).
Maintaining balance involves controlling the body’s center of mass within the limits of
postural stability (Stevens et al., 2016). Postural stability has been defined as the “inherent ability”
of a person to maintain, achieve or restore a state of balance which encompasses the sensory and
motor system of the person (Pollock et al., 2000). Integration and analysis of sensory information
like visual, proprioceptive and vestibular inputs is important for maintaining postural stability
(Stevens et al., 2016). Sensory information allows humans to sense a threat to stability and use
muscular activity to counteract the force of gravity in order to prevent falling (Pollock et al., 2000).
Having control over balance is known as postural control and is defined as the act of maintaining,
achieving or restoring a state of balance during any posture or activity (Pollock et al., 2000).
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Sensory impairments can therefore lead to problems with postural stability, postural control and
increase the risk of falls. Due to the complexity of maintaining and controlling balance, a variety
of tools are utilized to assess balance.
Clinical balance assessments are divided into three main approaches: functional
assessments, system/physiological assessments and quantitative assessments (Mancini & Horak,
2010). Functional balance tests assess balance status and changes with intervention usually rating
performance on a set of motor tasks (Mancini & Horak, 2010). The most commonly used clinical
test assessing functional balance are the activities of balance confidence (ABC), the Tinetti balance
and gait test, the Berg Balance Scale, the Timed “Up and Go Test” (TUG), the One-leg stance
duration and the functional reach test. On the other hand, the system approach is helpful
determining the underlying causes of the balance deficit in order to treat it effectively (Mancini &
Horak, 2010). For this purpose, the Balance Evaluation System Test (BESTest) and the
Physiological Balance Profile are used. Last, the objective or quantitative assessments are used to
assess balance. Within this category, static posturography aims to quantify postural sway while
the subject is as still as possible (Mancini & Horak, 2010). Here, postural sway is measured
objectively by the amount of displacements of the center of foot pressure from a force plate.
Manipulations of the test can be made to make the task more challenging like closing eyes to
deprive the subject from visual stimulation. Dynamic posturography, in contrast, involves using
external balance perturbations or changing surface and/or visual conditions (Mancini & Horak,
2010). This type of assessment provides accurate information about forward-backward body sway
and it is gold standard measuring motor and sensory contributions to balance control. Recently,
wearable inertial sensors have been used to measure balance control and objectively measure
postural sway and movements during task performance (Mancini & Horak, 2010). This type of
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assessment has also been used to obtain measurements of balance and mobility tests like postural
sway, step initiation and Time Up and Go test (Mancini & Horak, 2010). This gives objective
information regarding three different systems underlying balance control, specifically static
posturography, anticipatory postural adjustments prior to step initiation and the sit-to-stand
transitions, and dynamic stability during turning as well as trunk and arm movement during gait
(Mancini & Horak, 2010). Performing the Timed Up and Go test using inertial sensors provides
objective information about dynamic balance during gait (Mancini & Horak, 2010).
Recently, there has been an increased interest regarding the effects of auditory
contributions to balance and postural stability, and how information on hearing status can be used
as a method to help prevent falls. Stevens and colleagues (2016) tested how hearing influences
balance. Specifically, they manipulated the amount of spatial auditory, visual and proprioceptive
cues and measured the ability of participants to maintain an upright stance (Stevens et al., 2016).
Eighteen subjects (mean age 47 + 20 years) stood on a balance platform to allow measures of
pressure center and were tested in dark and in light, with and without spatial sound cues, and on
stable and unstable support surface (Stevens et al., 2016). Their results suggest that external sound
stimuli provide significant improvement in postural stability, which supports that auditory sensory
information along with other cues provides useful information regarding body orientation (Stevens
et al., 2016). Moreover, auditory information is important particularly in situation where visual
input is limited (Stevens et al., 2016). Stevens and colleagues (2016) findings suggest that the
association between hearing loss and increased risk of falling among the elderly caused by loss of
spatial auditory cues contributing to balance. In addition, Bruce and colleagues (2019) found that
as people age both hearing and motor performance require greater cognitive capacity and,
therefore, these two are competing for compensatory cognitive resources which account for the
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correlations between hearing loss and mobility decline. Bruce and colleagues (2019) used a dualtasks method to challenge 87 participants, 29 healthy young adults, 26 healthy older adults and 32
older adults with age related hearing loss. All participants performed a balance task involving a
perturbation platform and an auditory working memory “n-back” task under quiet and noise
conditions (Bruce et al., 2019). Overall, their results suggest that older adults exhibited
disproportionate negative effects with increased auditory challenge, in the noise conditions, and
the group with age related hearing loss had poorer dual-task performance in noise compared with
the other two groups (Bruce et al., 2019). Thus, they suggest that the group with ARHL prioritize
balance over cognitive performance is likely due to the ecological value of balancing, whereas the
other two groups were more flexible distributing their attentional resources between the tasks
(Bruce et al., 2019). Lastly, Carr and colleagues (2020), found age-related differences in postural
and listening performances when demands were at the highest. Their study suggests that a greater
proportional dual-task cost for postural task performance when compared to listening task
performance and greater for older adults when compared to younger adults (Carr et al., 2020).
Their findings also support that there are age-related declines in postural control and auditory
processing and demonstrate that increase listening demands may result in poorer balance in older
adults (Carr et al., 2020).
Campos, Ramkhalawansingh and Pichora-Fuller (2018) stated that:
“Hearing helps us to know where we are relative to important events and objects and
allow us to track our changing position dynamically over space and time. As such, auditory cues
are used in combination with other sensory input (visual, vestibular, proprioceptive) to helps us
perceive our own movements through space, known as self-motion perception. (p. 43).”
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They explained that most of the research on balance and auditory cues has been performed
in stationary conditions (Campos et al., 2018). However, when a person is moving through the
environment a field of dynamically changing binaural (auditory and visual) and monoaural
(auditory or visual) cues forms a pattern of information that is known as acoustic flow (Campos et
al., 2018). Evidence suggest that a bimodal advantage is greater for older adults than younger,
which means they benefit form multisensory integration when bimodal inputs are congruent and
redundant (Campos et al., 2018). Therefore, Campos and colleagues (2018) noted that reductions
in monaural and binaural sound localization cues may lead to declines in effective self-motion
perception, estimates of environmental spatial parameters, and poor awareness of auditory objects
and events. This, in turns, reduces their ability to make appropriate postural adjustments, to remain
orientated in space, and to initiate appropriate and timely reactions in response to changes in the
environment (Campos et al., 2018).
Wilson, Garner and Loprinzi (2016) went a step further and investigated both independent
and the combined association with visual impairment, peripheral neuropathy and self-reported
hearing loss with the odds of reporting falls and difficulty with balance. They hypothesized that
individuals with multiple sensory impairments will have greater risk of reporting problems with
falls, and subsequently, higher odd of dysfunctional balance (Wilson et al., 2016). The authors
mined data form the National Health and Nutrition Examination Survey (NHANES) (Wilson et
al., 2016). Participants were briefly interviewed in their home and, later on, in a mobile
examination center (Wilson et al., 2016). Age of the participants ranged from 40 to 85 years old.
Balance testing was performed with the Romberg Test of Standing balance in 4 conditions (eyes
open/firm surface, eyes closed/firm surface, eyes open/ compliant surface and eyes
closed/compliant surface) (Wilson et al., 2016). After they scored the results, subjects were divided
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into dysfunctional if they failed in one condition or functional balance if they successfully
completed all conditions (Wilson et al., 2016). Participants also completed a questionnaire to
assess difficulty with falls (Wilson et al., 2016). Visual acuity was assessed for each eye as well
as hearing (self-reported hearing difficulty) and peripheral neuropathy (exam completed except
for refusal or having meeting exclusion criteria (Wilson et al., 2016). Results revealed that those
with a little trouble hearing had a 2-fold increased odds of reporting falls in the past 12 months
(Wilson et al., 2016). Visual impairments were associated with a 5.59-fold increased odd of
perceiving difficulty falling and peripheral neuropathy was not associated with perceived difficulty
falling (Wilson et al., 2016). Furthermore, the presence of a single sensory impairment increased
the odds of reporting difficulty falling by 61% (Wilkins et al., 2005). Participants with two or more
sensory impairments had a 5-fold increased odds of reporting difficulty with falls when compared
to participants with no sensory impairments (Wilson et al., 2016). Lastly, participants with a single
sensory impairment had 29% reduce odd of having functional balance and those with two or more
impairments had a 41% reduced odd of having functional balance (Wilson et al., 2016). In
summary, the results of this study confirm that participants with hearing loss have higher odds of
reporting falls. In addition, participants with sensory impairment in multiple sensory systems was
associated with worse balance and perceived difficulty of falls when compared with the less
sensory impairment (Wilson et al., 2016). Wilson and colleagues (2016) explained that multiple
sensory impairments have been associated with decreased levels of physical activity, which may
cause further fear and increase the incidence of falling.
The above studies are in agreement regarding the association between hearing loss and
reduced mobility, balance problems, and risk of falls. Once again, the closest theories about the
possible underlying mechanism are the following: 1) loss of labyrinth function, 2) limited access
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to sound cues which are important for localization, 3) increase in listening effort and allocation of
cognitive resources, 4) social isolation and participation, and 5) vestibular or other concomitant
conditions. Amplification devices including hearing aids have been shown to be beneficial to
improve access to sound cues important for self-motion perception in individuals with hearing
impairments. They may also decrease listening effort and allow the hearing-impaired individuals
to have more resources available for mobility. Hearing aids are also known to decrease social
isolation and increase participation. Therefore, there is a possibility that hearing aids might also
improve balance and decrease risk of falls. Additionally, there is limited information regarding the
effects of hearing aids on both balance and risk of falls. Currently there is no systematic review
that synthesize, analyzes and discusses all the research available on what is the effect of using
hearing aids on both balance and falls. Therefore, our goal is to perform a systematic analysis of
all the existing research regarding the effect of hearing aids on balance as well as fall outcomes.

RESEARCH QUESTIONS

This systematic review intends to answer the following questions:
1. Does using hearing aids improve self-reported or objectively assessed balance outcomes in
adults with hearing loss?
2. Does using hearing aids decrease self-reported or objectively measured frequency of falls
in adults with hearing loss?

13

METHODS

A literature review was performed retrieving studies that investigated the effect of hearing
aids on both balance and falls outcome measures. Multiple databases were accessed through the
CUNY Graduate Center’s Mina Rees Library. Specifically, EBSCOhost/Medline Complete,
ProQuest, PubMEd, Cochrane Library, ScienceDirect, BioMed Central, Google Scholar, CINAHL
and Web of Science were searched for articles between 2012 to 2020. The key search terms used
included the following: hearing aids and balance, hearing aids and balance function, hearing aids
and falls, hearing aids and posture, hearing aids and gait, hearing and falls, hearing aids and
vestibular function, hearing aids and vestibular system, hearing aids and postural control, hearing
aids and vestibular, hearing aids and fear of falling, hearing aids and risk of falls, hearing aids and
rate of falling, hearing devices and falls, hearing devices and fear of falling, hearing devices and
risk of falls.
Inclusion parameters were: 1) studies from 2012 to 2020, 2) peer-reviewed articles, 3) full
test articles, 4) adults (> 18 years old), 5) articles in English or Spanish, 6) randomized controlled
trials or retrospective studies that compared using hearing aids versus not using hearing aids and
5) studies that included vestibular pathologies. The following exclusion criteria were established:
1) studies with a pediatric population (< 18 years old), 2) studies with individuals who have had
vestibular rehabilitation, 3) studies of participants with dual sensory impairment (vision and
hearing loss) and 4) studies that included participants with acute medical conditions (e.g., strokes).
Originally, we wanted to limit our research to ARHL or presbycusis, however due to the limited
research available on the topic this was not possible. Therefore, etiology and duration of the
hearing loss was not considered as exclusion criterion for this particular systematic review. In
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addition, this systematic review did not particularly analyze the effect of cochlear implants on
balance and falls. However, due to the limited studies currently available the usage of cochlear
implants was not included as exclusion criteria.
The following process was adopted for the selection of the studies the were included as
part of this systematic review. Again, figure 4 shows that the first elimination process was
performed by reading the titles of the articles. Specifically, all the articles that were not related to
our goal or main topic were discarded. Subsequently, articles were eliminated after reading the
abstracts and confirm that they are not related to our research questions and objectives. The
remaining articles were read in full and articles that do not meet our inclusion and exclusion criteria
were discarded. Finally, the remaining articles were analyzed and used in this systematic review.
RESULTS
All the searches were conducted using the key words mentioned above as well as by
limiting our search to 2012 to 2020 peer-reviewed articles. The initial search from Cochrane
Library resulted in a total of 369 studies. The EBSCOhost/Medline Complete initial search resulted
in 10,044 articles. PubMed initial search resulted in 874 articles, ScienceDirect initial search
resulted in 15,549 and, lastly, from the initial search in Google Scholar a total of 10,798 articles.
To answer the first research question, the initial search for all the databases used in this
systematic review resulted in a total of 37,625 articles. As shown in Figure 4, unrelated articles
were discarded after reading the topic and general summary in phase 2 of the elimination process
which resulted in a total of 2,495 articles included for further consideration. In phase 3, the
abstracted of the studies were evaluated and unrelated articles were discarded as well which narrow
down the articles to 139 articles. Lastly, complete articles were evaluated and articles that did not
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meet the inclusion and exclusion criteria established were also discarded for a total of 10 articles
included in this systematic review for the first research question.

• Initial Search of Key Terms
Phase 1

Phase 2

Phase 3

Phase 4

• Elimination Process 1: Articles Eliminated by Completely
Unrelated Title

• Elimination Process 2: Articles Eliminated After Reading
Abstract

• Final Elimination Process : Articles Eliminated Based on
Inclusion and Exclusion Criteria

• Total of Studies Included in this Systematic Review
Phase 5

Figure 4. Schematic of the process of elimination performed for article selection. Phase 1 or initial search.
In phase 2, the articles were eliminated by discarding unrelated topics. Phase 3 articles were eliminated by
reading abstract and in Phase 4 articles that did not meet the inclusion and exclusion criteria were further
discarded.

For the second research question, the initial search for all the databases resulted on a total
of 1,265 articles. The same process of elimination was performed which yielded a total of 4 articles
included in this systematic review for the second research question.
16

EFFECTS OF HEARING AID USE ON BALANCE
The first objective in this study was to review all the literature focusing on the effects
hearing aid use on balance outcomes. Therefore, in this section we will summarize all the studies
that met the inclusion criteria for this objective. Ten studies were included with a total of 355
participants. Table 1 summarizes the findings for each of the articles meeting the inclusion criteria
for this study. This table includes information on the size and description of the sample, the hearing
technologies used, outcomes measured as well as the main findings and conclusions. All studies
were peer-reviewed randomized controlled trial studies in either English or Spanish language that
date from 2012 to the present.
Lacerda (2012) analyzed the effects of auditory prosthesis on quality of life, balance and
fear of falling in older individuals with bilateral hearing loss. Since our second objective is to
review the effect of amplification on falls, we limited this part to only the findings related to
balance. The findings related to falls will be discussed in the next session. The main objective of
this study was to evaluate balance and quality of life (QoL) of 56 individual between 60 and 84
years of age with bilateral sensorineural hearing loss (SNHL) before and after the adaptation to the
device of individual sonorous amplification (AASI)(Lacerda et al., 2012a). AASI is defined as
devices that rescue the perception of the sounds of speech, beyond the ambient sounds, improving
communication (Lacerda et al., 2012a). Individuals were selected from the System of Attention
Hearing Care in Brazil (Lacerda et al., 2012a). Exclusion criteria included individuals with any
type of prothesis in the limbs or legs, individuals with behavioral and neurological diagnostics and
individuals that previously underwent auditory rehabilitation (Lacerda et al., 2012a). Participants
answered two questionnaires regarding quality of life and fear of falling and performed a balance
test (Berg Balance Scale or BBS) (Lacerda et al., 2012a). After 4 months, individuals who adapted
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to amplification returned for reevaluation, performed again the balance test and answered the
questionnaires (Lacerda et al., 2012a). In the pre-test, the results of the balance test showed good
overall level of balance (Lacerda et al., 2012a). In the questionnaires for QoL, participants denied
reduction of QoL with aging and hearing loss (Lacerda et al., 2012a). However, they did report a
reduction in overall vitality (Lacerda et al., 2012b). In the post test, 50% of the sample adapted to
use amplification (Lacerda et al., 2012b). Results revealed that of those that adapted to devices,
90% reported improvement in self-confidence (Lacerda et al., 2012b). Balance did not
significantly improve between those who adapted to amplification versus those who did not
(Lacerda et al., 2012b). However, those who adapted to amplification had less fear of falling
(Lacerda et al., 2012b). In this group, results revealed a positive correlation between balance (BBS)
and various domain of the QoL questionnaire, specifically functional capacity and general state of
health (Lacerda et al., 2012b). Results for the balance test showed better balance score in the nonadapted group when compared to those who did adapted to the use of amplification (Lacerda et
al., 2012b). Additionally, balance measures improved in the post-test compared to the pre-test
(Lacerda et al., 2012b). However, the improvements did not reach statistical significance. Lacerda
and colleagues (2012b) that since the sample had good overall balance in the pre-test this might
have affected the results and thus not show significance. They believed the decrease in fear of fall
might be related to good balance in those who adapted to amplification (Lacerda et al., 2012b). In
summary, Lacerda and colleagues (2012a) reported significant improvements in functional
capacity and general state of health with the use of amplification in older adults with bilateral
SNHL.
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Rumalla, Karim and Hullar, (2015) analyzed the effect of hearing aid use on postural
stability in experienced hearing aid users in the unaided and aided conditions. Participants were
adults 65 or older who wore bilateral hearing aids for a minimum of three months, had aided
thresholds of 25 dBHL or worse in each ear, could understand English-spoken directions and could
ambulate without assistive devices (Rumalla et al., 2015). Rumalla and colleagues (2015) excluded
participants with history of degenerative neurologic disease, stroke, spinal stenosis, joint
replacement, or balance altering medications or surgery. A total of 14 participants (mean age 77
years old) were selected from the Washington University Department of Otolaryngology and were
tested for the Romberg of foam test and the tandem stance test (Rumalla et al., 2015). Audiological
data were collected for each participant’s most recent evaluation, including the current gain
provided by the hearing aids (Rumalla et al., 2015). Participants denied history of falling in the
past year and the mean audiometric gain of the hearing aid among all participants was 12.75
dBSPL prior to testing (Rumalla et al., 2015). Participants also performed an Activities-specific
Balance Confidence Scale (ABC) test to have an objective measure of their overall level of
physical functionality (Rumalla et al., 2015). Prior to testing, participants were asked if the thought
that their hearing aids made their balance better, worse or made no difference at all (Rumalla et
al., 2015). The Romberg on foam test and the tandem stance test were chosen to assess postural
stability (Rumalla et al., 2015). Each participant stood for 30 seconds with hearing aids on and off
in each experimental condition for three pseudorandomized trials while broadband noise was
presented (Rumalla et al., 2015). Test results were measured in seconds and a trial was considered
terminated if participants moved their arms or feet to maintain stability, opened their eyes, required
a spotter to maintain balance or took a step (Rumalla et al., 2015). After the three trials, the median
score was counted as the final score of the test condition (Rumalla et al., 2015). Once the test was
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over, participants were asked if they felt that the sound made their balance better, worse or no
different and if they felt that they performed better with hearing aids on, hearing aids off or no
different (Rumalla et al., 2015). Results revealed that prior to testing, all participants denied a
difference in balance when they were wearing devices versus when they were not (Rumalla et al.,
2015). For the ABC test, 13 of the 14 participants scored as having high level physical functioning
and only one participant reported a moderate level (Rumalla et al., 2015). Overall, results were
statistically significant for both tests (Rumalla et al., 2015). For the Romberg on foam test, 10 of
the 14 participants scored significantly better in the aided condition (with hearing aids on)
compared to the unaided condition (with hearing aids off) (Rumalla et al., 2015). The other four
participants scored a maximum of 30 seconds in both conditions (Rumalla et al., 2015). Similarly,
for the tandem test, results showed significant improvement in the aided compared to the unaided
condition (Rumalla et al., 2015). When considering the mean, rather than the median of the trials
the significance level improved (Rumalla et al., 2015). However, all participants denied subjective
improvement when wearing their hearing aids either before or after testing sessions which is
consistent with previous literature showing poor correlation between subjective and objective
measures of balance and postural stability (Rumalla et al., 2015). In the end, Rumalla and
colleagues (2015) concluded that wearing hearing aids provided a significant improvement in
balance and a decreased risk of falling among older adults with hearing loss and that hearing aids
might be a novel treatment modality for imbalance allowing auditory inputs to be considered along
with vestibular, proprioceptive and visual cues to be another important contributor in maintaining
balance. They hypothesized that the mechanism of improvement was likely due to the increased
salience of external auditory inputs, in particular the presence of an artificial point sound source
that resulted from wearing hearing aids and that these inputs acted as effective spatial orienting
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landmarks improving stability (Rumalla et al., 2015). Some of the limitations of the study include
the small sample size and ceiling effect observed in the Romberg test. Further studies with bigger
samples and more appropriate test were recommended.
Vitkovic, Le, Lee and Clark (2016) explored the effects of sound on postural sway in
subjects with normal hearing and analyzed the consequences of hearing loss on sway as well as
the role of hearing aids in balance control. In addition, they investigated whether consideration of
auditory cues changes when there is an additional vestibular deficit (Vitkovic et al., 2016). Normal
hearing participants were required to have no hearing loss (>20dBHL in both ears across frequency
range) or any history of dizziness/balance issues and were recruited by institution wide
advertisement (Vitkovic et al., 2016). Subjects with hearing loss were recruited by letter of
invitation from the University of Melbourne Audiology Clinic (Vitkovic et al., 2016). All
participants were screened and signed informed consent prior to be admitted in the study and were
categorized into groups based on their audiometric function test results (Vitkovic et al., 2016).
Hearing impaired participants were required to have an average left and right ear greater than
20dBHL and no prior history of vertiginous episodes or imbalance issues (Vitkovic et al., 2016).
A portion of the participants were required to use hearing aids (Vitkovic et al., 2016). Vestibular
impaired subjects were required to have documented vestibular dysfunction of any degree or
configuration which was verified with their most recent vestibular test results (Vitkovic et al.,
2016). All subjects were free of any orthopedic or neurological conditions that may affect balance
and they did not need any balance or walking aid to maintain stance (Vitkovic et al., 2016). In the
end, 50 normal hearing individuals, 28 hearing impaired (9 unaided and 19 aided) and 19
individuals with vestibular loss were included in the study. In the aided group, 17 participants used
bilateral amplification and 2 used unilateral behind the ear (BTE) hearing aid (Vitkovic et al.,
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2016). Demographic analysis showed that in the unaided group the mean 4 frequency average for
the right ear was 29.3dBHL and 34.2dBHL for the left ear (Vitkovic et al., 2016). In the aided
group the mean 4 frequency average for the right ear was 49.0dBHL and 47.8dBHL for the left
ear (Vitkovic et al., 2016). In the vestibular group the mean 4 frequency for the right ear was
27.0dBHL and for the left ear was 28.0dBHL (Vitkovic et al., 2016). A significant difference in
the four-frequency average emerged between the aided hearing-loo and both the unaided and
vestibular impaired groups (Vitkovic et al., 2016). In addition, the mean time with hearing loss
was 8.8, 18.1 and 7.7 in the unaided, aided and vestibular groups, respectively (Vitkovic et al.,
2016). Significant differences emerged. In the unaided group, 6 participants had binaural SNHL,
2 had asymmetrical SNHL and one had asymmetrical SNHL in one ear and mixed hearing loss in
the other (Vitkovic et al., 2016). In the aided group, 12 participants had bilateral SNHL, 5 had
asymmetrical SNHL, 1 had flat SNHL in one ear and mixed in the other, 1 had high frequency
SNHL and mixed hearing loss in the other ear (Vitkovic et al., 2016). In this group, 17 participants
were fitted with hearing aids bilaterally (4 with behind the hear, 6 with receiver in the canal, 1 with
in-the-ear, 2 with in-the canal and 3 with completely in the canal hearing aids). In the vestibular
loss group, 8 participants had bilateral SNHL, 3 had unilateral SNHL, 3 had asymmetrical SNHL,
3 had asymmetrical noise notch and 2 had conductive low frequency with bilateral SNHL in the
high frequencies (Vitkovic et al., 2016). All subjects had normal vestibular loss, except for the
ones in the vestibular group, in which 17 had unilateral vestibular dysfunction and 2 had
semicircular canal dehiscence and BPPV (Vitkovic et al., 2016). Static postural sway measures
were obtained via Nintendo Wii Balance Board (WBB) which has been validated for balance
assessments in previous studies (Vitkovic et al., 2016). The main outcome of the study was total
center of pressure (CoP) path length (Vitkovic et al., 2016). CoP quantifies the total amount of
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sway during trial, and which is known to be a reliable and valid measure of standing balance
(Vitkovic et al., 2016). Participants were asked to stand with their feet parallel and 10 cm apart
with hands by their sides and were instructed to stand as still as possible while the sway was
measured over a 60 second period (Vitkovic et al., 2016). All participants completed 16 trials in 4
standing conditions across 4 different environments (Vitkovic et al., 2016). The standing
conditions were the following: firm surface with eyes open, firm surface with eyes closed, foam
surface with eyes open and foam surface with eyes closed (Vitkovic et al., 2016). The four
environments were the following: an ambient room of similar dimensions to the sound treated
room, a sound treated room with the subject wearing E-A-R earplugs, a sound treated room with
a continuous white noise presented from a front speaker 106cm away and a sound treated room
with moving noise (sequential presentations of white noise through 8 speakers moving from left
to right and back) (Vitkovic et al., 2016). The levels ranged from 60-70dBHL and the order of
testing was randomized (Vitkovic et al., 2016). To assess the effect of hearing loss, participants
were tested under both aided and unaided conditions (Vitkovic et al., 2016). In the aided condition,
subjects were instructed to use the main program if they had more than one and all trails were
randomized (Vitkovic et al., 2016). A general linear model 2-factor repeated-measures ANOVA
was used to determine the effect of the sound environments and standing conditions in the normal
hearing group (Vitkovic et al., 2016). To investigate the effect of hearing loss on balance control,
CoP was compared between the normal hearing and the hearing loss participants (Vitkovic et al.,
2016). Due to age discrepancies between the groups, the approach was changed to analyze the
subjects between the hearing loss group only to determine if there was any effect of the degree of
hearing, and sound environment on sway (Vitkovic et al., 2016). The effect of hearing aids was
examined by a repeated-measure general model ANOVA with sound environment, standing
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condition and aided/unaided condition factors (Vitkovic et al., 2016). Furthermore, to assess the
vestibular aspect of the study the compared the vestibular impaired group to the hearing loss group
(Vitkovic et al., 2016). Results of the study revealed a significant effect of sound environment and
standing position, but no interaction in the normal hearing group (Vitkovic et al., 2016). The effect
of standing position showed higher path lengths when visual and proprioceptive information was
removed (Vitkovic et al., 2016). Each of the standing conditions were significantly different from
the others (Vitkovic et al., 2016). The effect of sound environment on sway was smaller than vision
and proprioception with the overall meaning of the post hoc analysis revealed a difference only
when ambient sound and moving-sound conditions (Vitkovic et al., 2016). However, there was a
trend in two of the conditions (standing with eyes closed and foam with eyes closed) that showed
highest sway in the absence of sound (Vitkovic et al., 2016). Significant effect of sound
environment on log path length in subjects with normal hearing emerged, which suggests that sway
was higher in the absence of sound (Vitkovic et al., 2016). In subjects with hearing loss, there was
no significant effect of sound environment (Vitkovic et al., 2016). However, wearing hearing aid,
while not increasing overall stability, did interact with sound environment, suggesting that wearing
hearing aids, impacted the use of sound environment cues differently (Vitkovic et al., 2016). In
the unaided condition, sound slightly increase sway, but when participants have their hearing aid,
they had less sway in the presence of sound (Vitkovic et al., 2016). The results suggest that the
best scenario for a person with hearing loss is to be wearing hearing aids in the presence of sound
(Vitkovic et al., 2016). Lastly, vestibular subjects had higher path lengths compared to subjects
with normal balance (Vitkovic et al., 2016). There was also significant interaction effect of
increase sway in absence of sound, which suggest that vestibular-impaired subjects seem to use
remaining hearing when sound cues are present, whereas the hearing-impaired/normal-balance
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subjects do not (Vitkovic et al., 2016). In summary, these results suggest that spatial hearing map
contributes to balance control in normal hearing individuals, although less than the contribution of
somatosensory and visual systems (Vitkovic et al., 2016). Therefore, sound cues could only
contribute to balance control if they are audible (Vitkovic et al., 2016). Vitkovic and colleagues
(2016) concluded that hearing aid use appears to increase access to spatial cues and reduce sway
in the hearing loss group. Finally, the results of this study suggest that subjects with vestibular
deficits relied more on sound cues and utilize their remain hearing more so than the hearing loss
subjects without vestibular impairments (Vitkovic et al., 2016). This may reflect that an increase
in auditory sensory weighting involved in the vestibular compensation process (Vitkovic et al.,
2016). One limitation in this study was the wide array of hearing loss configurations, and hearing
aids styles features (Vitkovic et al., 2016). Additionally, not taking into account the adequacy and
the time frame of aiding were noted by the authors as a limitation of this study (Vitkovic et al.,
2016). Furthermore, Vitkovic and colleagues (2016) did not explore the nature and extent of the
use of auditory cues in subjects with congenital or bilateral vestibular impairments. These are all
aspects that should be taken into account in further studies.
Negahban, Cheshmeh and Nassadj (2017b) analyzed the relationship between hearing aid
use and static balance function in older adults. They measured center of pressure (COP) and
postural stability using force platform which enabled them to assess the impact of somatosensory
depravation on COP measures under different conditions like open/close eyes and rigid/ foam
surfaces (Negahban et al., 2017a). The COP parameters included: mean velocity, standard
deviation velocity (in anteroposterior and mediolateral directions), and sway areas (Negahban et
al., 2017a). The conditions to which the participants were exposed included open eyes on rigid
surface, closed eyes on rigid surface, open eyes on foam pad and closed eyes on foam pad
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(Negahban et al., 2017a). Forty-seven elderly adults (60 years or older) with bilateral hearing loss
(thresholds between 40 and 70dB unaided and thresholds between 20 to 35 dB with hearing aids)
who wore bilateral hearing aids for at least 3 months and could ambulate without an assistive
device were on the aided groups and were tested with on-aided (hearing aids turn on) and off-aided
(hearing aid turn off) conditions (Negahban et al., 2017a). Twenty-five normal hearing individuals
were on the unaided groups and were tested in the off-aided condition (Negahban et al., 2017a).
Participants were excluded if they had hearing disorders caused by otosclerosis or middle ear
infections (Negahban et al., 2017a). Also, subjects were excluded if they had history of
neurological diseases, surgical operations on lower limbs or spine within the past 6 months or any
pain in the lower limbs during standing (Negahban et al., 2017a). The mean hearing aid acquisition
in the aided group was 33.5 months (+16.8 SD), the mean hearing threshold for the unaided was
46.32 (+ 8.52 SD). For the aided participants, the mean hearing threshold with hearing aids off
was 45.40 (+4.36 SD) and with their hearing aids on was 23.39 (+4.82 SD) (Negahban et al.,
2017a). Mean velocity (MV), standard deviation velocity (SDV) and sway area were measured as
indicators of the aided group were compared with those in the unaided group using a 2-way mixed
model analysis of variance for all the factors (Negahban et al., 2017a). Test conditions were the
following: 1) open eyes on rigid surface or force platform, 2) closed eyes on rigid surface, 3) open
eyes on a foam pad and 4) closed eyes on a foam pad (Negahban et al., 2017a). Three trials of each
condition were performed and counterbalanced for each subject to avoid learning effect. Subjects
were tested in the aided condition first and then with aids turned off (Negahban et al., 2017a).
Thus, the aided was assessed twice while the normal hearing group was only assessed once
(Negahban et al., 2017a). This study, therefore, has a mixed design with a between and within
factors (Negahban et al., 2017a). Results for this study showed significant interaction of group by
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postural control conditions for SDV in anterio-posterior and mediolateral directions (Negahban et
al., 2017a). ANOVA analysis showed that within the open eyes-foam condition, there was higher
SDV in the off-aided condition than the on-aided and, also, in the unaided than the aided
(Negahban et al., 2017a). There were no significant differences between the off- aided and the
unaided groups for SDV (Negahban et al., 2017a). Furthermore, a positive Pearson correlation was
found for SDV between the time of acquisition of hearing aids and the benefit of hearing aids
(difference between off-aided and on- aided conditions) on postural control (Negahban et al.,
2017a). In summary, Negahban and colleagues (2017a) results suggest that auditory information
is important in maintaining static balance function as wearing and turning-on the hearing aids
provided a significant improvement in postural stability among older adults with hearing loss.
Negahban, Cheshmeh ali and Nassadj (2017b) suggested that one of the limitations in this study
was that hearing conditions (hearing aid on versus hearing aid off) were not counterbalanced, so
results may be in part due to fatigue or other factors that may have had affected the results between
on and off conditions. Another important limitation is that they did not controlled for underlying
vestibular deficits (Negahban et al., 2017a). However, they stated that overall results indicated that
along with the visual, vestibular and somatosensory inputs, auditory input should be considered as
important contributor to maintain postural stability (Negahban et al., 2017a). They hypothesized
that auditory input from hearing aids acted as effective spatial orientation landmark in which the
brain focuses on the auditory source to maintain the relationship between body and these external
landmarks and that to achieve it the brains attempts to keep the body steady by reducing the
fluctuations in the sway velocity (Negahban et al., 2017a). Negahban, Cheshmeh ali and Nassadi
(2017b) concluded that, although they did not control the subjects for underlying vestibular
deficits, their results are in agreement with the believe that auditory information using hearing aids
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could support the use of hearing aids as a tool for improving postural stability in older adults with
hearing loss.
With a different approach, Shayman, Earhart and Hullar (2017) compared gait performance
in three individuals with hearing loss with without use of their hearing technologies (Shayman et
al., 2017). All individuals were experienced user of assistive devices (hearing aids and cochlear
implants). A 38 years old woman with history of Meniere’s disease with a flat symmetric hearing
loss (about 50 dBHL) using bilateral hearing aids, a 21 years old male with history of
cytomegalovirus (CMV) infection who wore bilateral cochlear implants and had vestibular
areflexia confirmed by vestibular testing and a 82 years old woman with symmetric presbycusis
(80dBhl at 8kHz) using bilateral hearing aids and history of benign positional vertigo (BPPV)
participated in this study (Shayman et al., 2017). All participants were in the normal or near normal
hearing range with their devices (Shayman et al., 2017). Participants completed a walking task on
a 90 cm x700 cm long strip instrument with pressure sensor to measure gait speed and step length
(Shayman et al., 2017). In addition, each participant completed the mini-BESTest, which analyses
gait and balance by making the participant sitting to standing, rising onto tiptoe, stepping to avoid
a fall when leaning forward, backward or laterally, changing gait speed, turning head while
walking and a sequence of rising from chair walking 3m, turning, and returning to sit (Shayman et
al., 2017). As secondary measures, functional ambulation performance (FAP) was performed
along with the Romberg test. The FAP measure of gait more comprehensively including velocity,
step length, dynamic base of support, and step symmetry ratio (Shayman et al., 2017). Two sound
conditions were utilized for this study: (1) aided by assisting devices and (2) unaided which were
pseudorandomized (Shayman et al., 2017). Background noise at 56dBA was provided by a line of
treadmill machines (Shayman et al., 2017). Gait velocity improved for all participants in the aided
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condition as well as the scores foe the mini-BEST test (Shayman et al., 2017). Secondary outcomes
also improved for all participants as well as the FAP (Shayman et al., 2017). The results of the
study suggest that use of hearing aids and cochlear implants may provide clinically significant
improvements in gait performance, and that they be important interventions for improving stability
during ambulation in some people with hearing loss (Shayman et al., 2017). One important
limitation to this study it is clearly the sample size (Shayman et al., 2017). Therefore, Shayman
and colleagues (2017) note that further research in the topic is warranted.
Weaver, Shayman, and Hullar, (2017) conducted a prospective study to investigate more
in detail if gait parameters change when hearing aids and cochlear implants (CI) are worn. They
explain that gait performance is as important as static balance since decrease in dynamic balance
performance, specifically gait, is associated to increase risk of falling (Weaver et al., 2017).
Participants were recruited via flyers at nearby retirement communities (Weaver et al., 2017).
Inclusion criteria included adults aged at least 18 years old, able to understand English, no
cognitive impairment as per Short Blessed Test, able to ambulate independently without cane or
walker, able to perform the Romberg Test on solid surface with eyes closed for 30 second and
participants were experienced hearing aids users having worn hearing aids for at least three months
(Weaver et al., 2017). Available audiograms were collected from participants and, otherwise,
screening audiograms were completed (Weaver et al., 2017). Unaided thresholds were worse than
30dB HL in the better hearing ear and were in the normal range with amplification (Weaver et al.,
2017). CI participants had severe to profound hearing loss bilaterally and could hear the testing
stimulus while wearing their processors (Weaver et al., 2017). In the hearing aid participants, the
mean years with bilateral amplification was 18.1 (range of 2-48) and in the cochlear implant group
the mean years with devices was 5.4 (range 1-9) (Weaver et al., 2017). Participants were asked
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before and after testing, “Do you feel that your balance is better with your hearing devoices on,
off, or there is no difference?” (Weaver et al., 2017). They wore three Opal inertial sensors (midline
of the lumbar region and one at each ankle) that analyses inertial data (Weaver et al., 2017). Inertial
sensors like these produce validated sway center of pressure in static conditions and dynamic gait
output measures (Weaver et al., 2017). In a large, open, quiet room (<45dB) with a speaker playing
white noise (65dB + 5dB) with an overlay of natural rainfall sound, blindfolded participants
walked straight ahead and use the sound source to help orient and balance if needed (Weaver et
al., 2017). All participants had a few trials to familiarized with the task and recorded trails were
performed in the following pseudorandomized order: two trials each of wearing hearing devices
bilaterally (hearing aids or cochlear implant processors), wearing devices only in the better hearing
ear and without devices (Weaver et al., 2017). For all the trials and conditions, gait velocity, stride
length variability, swing time variability, time in double support phase, cadence and stride length
were measured (Weaver et al., 2017). Participants also performed the Time Up and Go (TUG) test
twice with bilateral devices and without devices (Weaver et al., 2017). Thirteen bilateral hearing
aid users and 12 bilateral cochlear implants (all post-lingually deafened except for one that was
born with bilateral profound hearing loss and was implanted at the age of 10 and 12 years) users
were included in the study (Weaver et al., 2017). Prior to testing, the majority (1/13 HA users and
1/12 CI users) of the participants indicted no difference in balance with and without hearing aids
(Weaver et al., 2017). The number of participants reporting improvement in balance with hearing
aids or cochlear implants increased to 4/13 and 5/12 respectively at the end of the trails (Weaver
et al., 2017). Weaver. Shayman, and Hullar, (2017) found no statistically significant difference in
TUG times or in the Gait Measures between aided and unaided conditions for each group.
However, considerable variations emerged among participants with one of them improving in all
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parameters with hearing intervention (Weaver et al., 2017). Overall, this study differed from
previous studies as that the data did not confirm that auditory input provides a significant benefit
to gait parameters in either hearing aids or cochlear implant patients (Weaver et al., 2017). An
important difference between studies is that in the former all the subjects had vestibular deficits
unlike all of the participants in the study conducted by Shayman, Earhart and Hullar,
(2017)(Weaver et al., 2017). Differences in sound stimulus and method of quantifying data
between studies were also noted between both studies (Weaver et al., 2017). Weaver and
colleagues (Weaver et al., 2017) recommended further study as the majority of falls occur during
‘‘tripping’’ rather than standing still and to consider that the patient selection may be an important
consideration in the degree of benefit. Furthermore, they noted that patient selection is an
important consideration in the degree of benefit that should be taken into consideration in future
studies (Weaver et al., 2017).
McDaniel, Motts, and Neeley, (2018b) attempted to replicate Rumalla, Karim & Hullar’s
(2015) design utilizing an advanced diagnostic protocol for balance. They wanted to further
explore the balanced on experienced adults hearing aid users with and without hearing aids.
McDaniel and colleagues (2018) hypothesized thar with an advance protocol, there would be no
difference in balance outcomes of experienced hearing aid users with and without their hearing
aids. They performed a within group two-by-six- repeated-measures factorial design with variables
being with and without hearing aids in six conditions (McDaniel et al., 2018a). Twenty-two
subjects from 58 to 81 years old using bilateral hearing aids volunteered from the population of a
university-based aural rehabilitation program (McDaniel et al., 2018a). Hearing aid experience
ranged from three months to ten years with an average usage duration of slightly over 3.5 years
(McDaniel et al., 2018a). Hearing aids were checked by a license audiologist for defects, including
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variations from the original programming (McDaniel et al., 2018a). A participant’s composite
audiogram showed essentially hearing within normal limits sloping to a moderately severe hearing
loss in both ears (McDaniel et al., 2018a). Average audibility index as per count-the-dot audiogram
was 41 and 33 for the right and left ear respectively (McDaniel et al., 2018a). Subjects denied
having been diagnosed with vestibular dysfunction (McDaniel et al., 2018a). Thirty-two percent
of the participants reported falling at least once in the past 3 years and 23% reported concerns
about their balance (McDaniel et al., 2018a). Exclusion criteria for this study was the following:
degenerative neurological disease, history of stroke, spinal and/or lower extremity stenosis, knee
and/or hip replacements, and medications with potential balance altering effect (McDaniel et al.,
2018a). Participants were assed with the Sensory Organization test (SOT) which asses the
individual’s ability to assign priority to the most accurate sensory inputs to maintain static balance
and with the NeuroCom Balance Master (NCBM) data was collected for analysis (McDaniel et al.,
2018a). Participants were tested with and without hearing aids under the following test conditions:
(1) quiet/eyes open, (2) quiet/eyes closed, (3) quiet/open eyes with box moving, (4) quiet/eyes
open with force plate unlocked, (5) quiet/eyes closed with force plate unlocked and (6) quiet/open
eyes with box moving with force plate unlocked (McDaniel et al., 2018a). The last three conditions
create a situation where proprioceptive information is incorrect (McDaniel et al., 2018a). In each
condition, the amount that each subject sway is measured by a force plate (McDaniel et al., 2018a).
The NCBMSOT was complete twice in each subject in a day and sessions with hearing aids and
without were counterbalanced to control for order effect (McDaniel et al., 2018a). An equilibrium
score is provided for each of the six test conditions with a score of 100 suggesting perfect stability
and a lower score indicating greater sway (McDaniel et al., 2018a). Then a composite equilibrium
score is calculated (McDaniel et al., 2018a). Multitalker babble at 65dBSPL was presented
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throughout the study (McDaniel et al., 2018a). Results of the paired t test and a two by six repeated
measures analysis of variance for the aided versus unaided SOT composite found no statistically
significant difference between the conditions (McDaniel et al., 2018a). McDaniel, Motts and
Neeley (2018) concluded that, as they hypothesized, given a technological advanced protocol for
quantifying balance, there would be no difference in balance of experienced hearing aid users with
and without the use of their hearing aid. They explained that the Romberg Test used by Rumalla,
Karim and Hullar (2015) was not an appropriate measurement of balance and, therefore, they
attribute the non-significant findings to the instrument used to quantify balance (McDaniel et al.,
2018a). They stated that the claims implying that hearing aid use positively impact balance are
premature and needs further verification (McDaniel et al., 2018a). In addition, randomized control
studies using participants with diagnosed balance disorders are indicated to fully resolve the
question (McDaniel et al., 2018b). McDaniel and colleagues (2018) noted some potential
limitations on this study like the number of participants and limiting criteria to experience hearing
aid users and that excluding participants with vestibular impairments limits the population to which
the results can be generalize. Additionally, the SOT data were subject to a ceiling effect, possibly
affecting results (McDaniel et al., 2018a). Furthermore, the power of the F test was another
limitation which contributes to the uncertainty of an occurrence of a type 2 error (McDaniel et al.,
2018a). Lastly, a larger sample could have strengthened these results.
Kowalewski and colleagues (2018b) attempted to determine whether hearing loss
negatively affects the ability to regain balance and if hearing aids reverse the negative effect and
improve balance control. They hypothesized that older adults with hearing loss will take a greater
number of steps during an unexpected loss of balance compared with young adults with normal
hearing and older adults with normal hearing (Kowalewski, 2018a). Twenty young adults, 20
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healthy older adults with normal hearing and 19 older adults with hearing loss participated
(Kowalewski, 2018a). All participants were screened to ensure absence of visual, vestibular,
somatosensory, auditory, health conditions or balance impairments which could restrict the ability
to perform experimental tasks (Kowalewski, 2018a). Participants were excluded if they had history
of motion sickness/dizziness or were currently taking medications that affect balance
(Kowalewski, 2018a). They also underwent cognitive and sensory screening to ensure no
undiagnosed cognitive or sensory impairments (Kowalewski, 2018a). All participants were
required to perform a dual-task auditory and balance testing on a dual-belt treadmill (Kowalewski,
2018a). Participants had to repeat sentences from the standardized Bamford-Bench Speech-InNoise test (BKB-SIN) while maintaining balance with unexpected surfaces movements
(Kowalewski, 2018a). Three auditory conditions: 1) no audio sound, no repeat back resulting in
the single task of only maintaining balance, 2) normal hearing condition with BKB-SIN playing
and participants with hearing loss diagnosis wore hearing aids, and 3) hearing loss condition, in
which the audio files were manipulated to simulate hearing loss for the young and old individuals
with normal hearing, and participants with hearing loss diagnosis performed task without hearing
aids (Kowalewski, 2018a). Participants were exposed to the following three balance conditions: 1)
“0” at 0 m/s2 and no backward surface translation (single task of listening and repeating back
sentences), 2) “1” backward surface translations at acceleration 2 m/s 2, and 3) “2” backward
surface translations at acceleration of 5 m/s2 (Kowalewski, 2018a). These conditions were
randomized, and each participant completed 8 trials per combination of auditory-balance
conditions (Kowalewski, 2018a). The primary outcome measures were number of steps and BKBSIN scores, maximum Center of Pressure (COP)-Center of Mass (COM) (COP-COM) distance
during compensatory step and reaction time for initiating the first compensatory step (Kowalewski,
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2018a). Then, the number of steps and BKB-SIN scores across the 8 trials per combination of
auditory-balance conditions were averaged by person resulting in an average outcome score per
combination (Kowalewski, 2018a). Results showed in the hearing loss group, the average initial
hearing loss diagnosis was at 52.3 years (+22.5) (Kowalewski, 2018a). However, the etiology,
type and degree of hearing loss is not mentioned. Overall, auditory conditions and balance
conditions were significantly related to both outcomes measured (Kowalewski, 2018a). There were
significant differences in the BKB-SIN scores between groups, auditory and balance conditions
(Kowalewski, 2018a). Additionally, there was significant difference in number of steps between
group, auditory conditions, and balance conditions (Kowalewski, 2018a). Moreover, the
perturbation level (balance condition) has greater impact on steps, and auditory conditions has
greater impact on BKB-SIN (Kowalewski, 2018a). In summary, there was significant difference
in BKB-SIN scores and number of steps between the young adults and the older adults with normal
hearing and also the older adults with hearing loss (Kowalewski, 2018a). This suggest that older
adults with hearing loss have poorer reactive balance compared to older adults with normal hearing
and compared to younger adults (Kowalewski, 2018a). In older adults with normal hearing,
simulated hearing loss negatively impacted their ability to regain balance which was shown by an
increased in number of steps (Kowalewski, 2018a). However, they state that balance performance
with hearing aids may not have significantly improved enough to prevent falls (Kowalewski,
2018a). The limitations noted included the following: individuals were limited in the number and
direction of steps that they were able to take in the treadmill; BKB-SIN scores were highly
variable, particularly among older adults with hearing loss; and the etiology, degree, configuration
and type of hearing loss were not discussed in detail (Kowalewski, 2018a).
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Maheu and colleagues (2019) investigated the influence of auditory cues on postural sway
in normal hearing individuals (NH), hearing-impaired individuals with vestibular impairment
(HIVL) and hearing impairment individuals without vestibular impairment (HI). Secondly, they
aimed to determine the influence of hearing aids (with and without hearing aids) on sensory weight
(visual and somatosensory) during static postural control task in congenital hearing-impaired
conditions (Maheu et al., 2019). From a total sample size of 32 individuals, 14 had normal hearing
and 18 had severe to profound SNHL (Maheu et al., 2019). Among the hearing-impaired group, 8
individuals had normal vestibula function (only hearing loss) while 10 had concomitant vestibular
loss (hearing loss and vestibular dysfunction) (Maheu et al., 2019). Participants had normal or
corrected vision, no histories of diabetes, no history of head or cervical trauma, no history of
neurological disorders (Maheu et al., 2019). All participants were administered a complete
audiological evaluation and a comprehensive peripheral vestibular evaluation (Maheu et al., 2019).
For the experiment, participants were asked to stand on a force platform in a well-lit room (Maheu
et al., 2019). Sway area and velocity were calculated using center of pressure recordings in
different postural conditions (a) eyes open on a firm surface, (b) eyes closed on a firm surface, (c)
eyes open in foam, (d) eyes closed in foam (Maheu et al., 2019). Each condition was repeated three
times, and, in each condition, participants were asked to count backwards staring from one
thousand and pink noise was presented in the room through a speaker (Maheu et al., 2019). The
control group was assessed under two conditions: (1) without hearing protection and (2) with both
earplugs and earmuffs (Maheu et al., 2019). The hearing-impaired group was assessed with and
without their bilateral hearing aids (Maheu et al., 2019). Auditory conditions were presented in a
pseudo-randomized order so that half of the participants started with auditory input (without
hearing protection or with hearing aids) and half without (with hearing protection or without
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hearing aids) (Maheu et al., 2019). A multivariate analysis was performed to assess the influence
of auditory input on the different postural control conditions (Maheu et al., 2019). Improvements
due to auditory input were calculated by subtracting the results from postural condition with
auditory input from the postural condition without auditory input with a result of zero suggesting
no difference between conditions, positive suggest improvement and negative worsened in the
auditory input condition (Maheu et al., 2019). Lastly, somatosensory and visual sensory reliance
were also calculated with a result of zero suggesting no impact of auditory input to the sensory
dependence, a positive result meaning less reliance on the sensory modality on the presence of
auditory input and a negative result suggesting an increase reliance on the sensory modality when
in presence of auditory input (Maheu et al., 2019). Audiometric and vestibular results for the NH
group confirmed normal hearing and vestibular function (Maheu et al., 2019). For the hearingimpaired group, results showed profound bilateral SNHL (Mean: 101.21dBHL, right, and
108.54dBHL, left) and normal vestibular function (Maheu et al., 2019). In the hearing impaired
and concomitant vestibular loss group, audiometric results revealed profound bilateral SNHL and
at least one abnormal vestibular function as per vHIT, cVEMO and oVEMP test (Maheu et al.,
2019). For the first MANOVA which assessed difference between the three groups for the different
postural conditions and auditory conditions reveled significant group effect of sway areas in the
absence of auditory cues (Maheu et al., 2019). Significant differences were observed between the
NH and the HIVL groups in the eyes open/foam condition and significant differences were found
between the NH and HIVL as well as between HIVL and HI groups on the eyes closed/foam
condition (Maheu et al., 2019). The repeated-measure MANOVA which compared the three
groups using sway area revealed significant group effect as well as significant group by posture
interaction (Maheu et al., 2019). These results suggest that the HIVL group benefited significantly
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more from hearing aids to maintain posture as compared to the HI and NH groups when
somatosensory cues were disturbed (Maheu et al., 2019). Additionally, results from the 3x2
ANOVA between groups and sensory reliance using sway area revealed that the groups differed
significantly for somatosensory dependence but not for visual dependence (Maheu et al., 2019). In
summary, Maheu and colleagues (2019) mainly wanted to evaluate the influence of hearing aids
on postural control in NH, HIVL and HI individual and their results suggest that hearing aids can
benefit postural control but only in the HIVL group. Furthermore, these findings add to findings
from previous studies confirming that the degree of improvement in postural control for
individuals with hearing impairment might be related to vestibular function (Maheu et al., 2019).
Auditory cues in HIVL individuals during this postural control task appears to be link to a decrease
in somatosensory dependence (Maheu et al., 2019). This may be caused by an increase in the
weight given to auditory information as opposed to the other groups (Maheu et al., 2019). Maheu
and colleagues (2019) hypothesized that it is possible that auditory cues may act as auditory
landmarks and help to position our body in space. They noted that the weight accorded to the
auditory information during postural control is enhanced in the precense of a vestibular loss and
that is why the HIVL group benefited significantly in this study (Maheu et al., 2019). Secondly,
they hypothsized that there could be a possible influence of stochastic noise on one modality
leading to an enhanced detection performance in another sensory modality (Maheu et al., 2019).
In this case, auditory noise could have led to an enhanced detection of residual somatosensory
cues, allowing the paricipants to better detect weak signals (Maheu et al., 2019). A few important
consideration have to be noted when interpreting these results. First, it is possible that a large
portion of the participants in the HIVL group had saccule and utricule difunctions (Maheu et al.,
2019). In past studies, postural sway has beed suggest to differ on which vestibular organ are
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affected (Maheu et al., 2019). Also, ceiling effects could have been a limitation on this stuay as it
is possible that the static postural control task used in this study might have not been challenging
enough for participants in the NH and HI groups explaining why there was not significant
differences (Maheu et al., 2019). Variability between the sample of th study as they asses
participants with bilateral congenital severe to profound sensorineural hearing loss and not
individuals with presbicusis could also explianed the absence of significant results in the HI group
(Maheu et al., 2019). In the end, Maheu and colleaguse (2019) study suggest that hearring aids
could help resuce risk of falling in individuals with heairng loss with a concomittant vestibular
impairment.
Finally, Ibrahim and colleguaes (2019) investigated the role of auditory input in postural
stability, specially high-frequency auditory input and test the correlation between sound
localization abilities and postural stability. Originally the normal hearing group was comprised of
21 participants (Ibrahim et al., 2019). Of these 13 participants had audiological evaluation
confirming normal hearing and the remaining participants were screened (Ibrahim et al., 2019).
Four out of the 8 participantes were found to have high frequency SNHL at 4k and 8kHz and were
excluded from the normal hearing group, but not from the study as their results were compared to
the normal hearing participants (Ibrahim et al., 2019). At the end, 17 normal hearing participants,
4 participants with presbycusis and 9 participants (18 years or older) with unilateral ir bilateral
moderate to severe sensorineural hearing loss that used hearing aids for at leats 6 months were
included in the study (Ibrahim et al., 2019). Patients with balance disorders, or using medications,
dependent on walking aids or with history of stoke were excluded form the study (Ibrahim et al.,
2019). A test of horizontal sound localization, specifically fornt and back, was performed with low
pass and high pass narrow band noise at 30dBSL from two speakers directly in font and back
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(Ibrahim et al., 2019). Each sound was played sixt times in two conditions per person (Ibrahim et
al., 2019). Additional, the dizziness handicapped inventory (DHI) was completed by participants
to exclude serious dizziness or balance dizorders among participants (Ibrahim et al., 2019). Also,
the Romberg and Tandem postural test to assess postural stability (Ibrahim et al., 2019). Each test
was conducted three times for each conditions: without hearing aids and with hearing aids for
hearing aid users or with and without earplugs in the normal hearing and presbycusis group
(Ibrahim et al., 2019). Trials were randomized to avoid test parctice effect and fatigue (Ibrahim et
al., 2019). Results revealed significant worse balance tests’ scores in the hearing aids user
compared to the normal hearing individuals (Ibrahim et al., 2019). Significant decrease was also
observed for each test results separately (Ibrahim et al., 2019). For the romberg test, hearing
impaired (presbycusis group) were able to maintain balance for lest time when they were using
earplugs than without earplugs (Ibrahim et al., 2019). In the hearing aid group, the DHI score was
10 +11.2 (Ibrahim et al., 2019). For both test, statistically significant difference was found between
the aided and the unaided condition (Ibrahim et al., 2019). Results for the sound localization
revealed significantly lower scores for the hearing impaired individuals when compared to normal
hearing (Ibrahim et al., 2019). Hearing aid users performed significantly better in the aided versus
the unaided condition for sound localization (Ibrahim et al., 2019). The hearing impaired
individuals had the lowest scores of the three groups (Ibrahim et al., 2019). No correlation was
found between balance test scores and sound localization socres (Ibrahim et al., 2019). In
summary, Ibrahim and colleagues’ (2019) results showed that for hearing impaired individuals and
hearing aid users, auditory input helped with maintenance of postural stability. Authors state that
it is clear that hearing aids helped to maintain better balance and that some participants noted that
hearing aids provide them with better awareness of their environment (Ibrahim et al., 2019). The
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hearing imapired group had a poorer performance compared to normal hearing and hearing aid
group for sound localization (Ibrahim et al., 2019). Hearing aid users had a better performance
during high frequency stimuli conapred to low-frequency sound, with sognificant imporvement in
the aided condition (Ibrahim et al., 2019). Ibrahim and colleagues (2019) noted that a few
limitations including: 1) age difference between the hearing aid user than the normal group, 2)
ceiling effect specially for normal hearing participants, 3)wide variability of balance and
localization test results, 4) small sample size in the groups and 4) exclusion vestibular dysfucntion.
Due to the age differences between groups comparisons between the hearing aid and the normal
hearing groups were not attempted (Ibrahim et al., 2019). In the end, investigators recommend that
further studies need to assess confounding factors like age and other comorbilities as well as
analyze in more detail sound localization settings specifically in horizontal directions in larger
sample size studies (Ibrahim et al., 2019).

EFFECTS OF HEARING AID USE ON FALL RISK

The second objective of this systematic review was to gather, summarize and analyze all
the research available on the effects of hearing aids on fall outcomes. Thus, this section focuses on
the studies that meet the inclusion criteria for this objective described in an earlier section. A total
of four studies with 186,738 participants met the inclusion criteria for our second objective and
where therefore included as part of the study. Table 2 summarizes information from all the studies
including a description of the size and the characteristics of the sample, hearing technologies,
outcomes measured and main findings.
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Lacerda and colleagues (2012a) evaluated balance, fear of fall and aged quality of life in
people with bilateral SNHL before and after adaptation to the device of individual sonorous
amplification. Fifty-six individuals between 60 and 84 years old SNHL participated in the study
(Lacerda et al., 2012b). Participants were assessed for quality of life and fear to fall questionnaires,
SF-36 and Falls Efficacy Scale-International, respectively, and for balance using the Berg Balance
Scale (Lacerda et al., 2012b). These tests were repeated after four months of the original visit,
along with the Satisfaction with Amplification in Daily Life (SADL), to allow for adaptation and
acclimatization to amplification (Lacerda et al., 2012b). Their results for the pre-test showed on
average good level of balance and little fear of fall (Lacerda et al., 2012b). Additionally, SF-36
did not show a reduction in quality of life in aged individuals with auditory loss, however they do
note a reduction in vitality (Lacerda et al., 2012b). For the 4 months post-test, 50% of the
participants had adapted to the auditory devices and anthropometric values were distribute
homogeneously between the adapted and non-adapted groups (Lacerda et al., 2012b). For the
SADL, 100% of the participants reported improvement in the variable confidence after adaptation
(Lacerda et al., 2012b). Significant improvements were noted in functional capacity as per the SF36 (Lacerda et al., 2012b). No significant difference was noted between groups, however in the
intra-group analysis there was an improvement in fear of falls (Lacerda et al., 2012b). In the
suitable group, better balance was positively correlated to some of the SF36 domains and
negatively correlated to fear of falls (Lacerda et al., 2012b). After adaptation, positive correlation
was found between BBS and some domains in the SF-36 and negative correlation was noted
between fear of falls and domains in SF-36 (Lacerda et al., 2012b).

45

46

47

In summary, Lacerda and colleagues (2012a) found significant improvement in functional capacity
and general state of health after adaptation to hearing devices which suggest that the use of auditory
prosthesis was beneficial for daily activities and functionality of the participants. After adaptation,
patients were observed to have improvement in overall quality of life and auto-confidence and to
have less fear of falling (Lacerda et al., 2012b).
Mahmoudi and colleagues (2019) used nationwide claims data from manage care payers
to examine the association between hearing aid use and the time to diagnose the following
conditions: (1) Alzheimer disease or dementia, (2) depression or anxiety and (3) injuries related to
falls. Their hypothesis stated that hearing aids are associated with a delay in diagnosis of these
three conditions (Mahmoudi et al., 2019). This is a retrospective study from 2008 to 2016 of
114,862 adults aged 66 years and older with hearing loss diagnoses (Mahmoudi et al., 2019).
Exclusion criteria included patients with hearing loss diagnosis or hearing aid procedure codes
within 1 year prior to incident of hearing loss, fewer than 12 months of continuous enrollment
prior to index hearing loss diagnosis, pre-existing diagnosis of dementia, Alzheimer’s disease,
anxiety, depression and a fall leading to injury within 12 months prior to the index hearing loss
diagnosis and not having at least 3 years of continuous enrollment after the index hearing loss
(Mahmoudi et al., 2019). For our purposes we limited the discussion to results related to falls.
Therefore, the dependent variable included being diagnosed with an injurious fall as determined
by the codes by ICD-9and ICD-10 (Mahmoudi et al., 2019). They analyzed the difference in days
for the time to the outcome was calculated by identifying the first claim service date with the
diagnosis of the outcome condition (Mahmoudi et al., 2019). In the 3-year period following the
index hearing loss (Mahmoudi et al., 2019). Baseline demographics and comorbidities were also
analyzed and adjusted for (Mahmoudi et al., 2019).
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Mahmoudi and colleagues found lower hazard ratio of injurious falls in the hearing aid user group
than in the non-hearing aid user group (Mahmoudi et al., 2019). Results also revealed delays in
diagnosis of the outcomes (injurious falls) among adults with hearing loss that used hearing aids
compared to those who did not used hearing aids (Mahmoudi et al., 2019). Specifically, during the
three-year period, 94.9% of the individuals using hearing aids remained free of diagnosis of fall
when compared to 94.2% of individuals with hearing loss who did not used hearing aids
(Mahmoudi et al., 2019). Mahmoudi and colleagues (2019) concluded that in a large national
database of insurance claims, the use of hearing aids among adults with hearing loss was associated
with significantly lower risk of being diagnosed with an injurious fall. This data suggests that by
providing enhanced hearing input, hearing aids may facilitate social engagement, lower levels of
effort to recognize sounds and speech, lower levels of depression or anxiety symptoms, higher
levels of physical balance, and greater feeling of independence and self-efficacy (Mahmoudi et al.,
2019). This study has limitations including the followings: (1) the inherent limitations of using
claiming data include lack of information about the patients’ like lifestyle choices, (2) because
they used claims and diagnostic codes, they might have been unable to identify all patients
correctly, (3) claim data does not include audiometric measurements of hearing loss severity, (4)
frequency and duration of hearing aid use could not be measured, (5) appropriate fitting could not
be measured, (6) analysis of falls is complex and could not control for other fall-related factors,
(7) the data obtained in this study is from a private insurance database that might introduce biases
into the findings (Mahmoudi et al., 2019). On the other hand, the strengths of this study include:
(1) large sample size and longitudinal follow up of health services and provide clinical perspective
on health outcomes over time, (2) it covers an important segment of the population that likely has
at least some coverage for hearing aids (Mahmoudi et al., 2019).
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Tiase and colleagues (2020) analyzed the association between risk of patient falls and selfreported hearing loss and examine whether self-reported hearing loss with and without hearing
aids can predict falls in an inpatient setting. They conducted a retrospective cohort study at 2
academic hospitals and 2 community hospitals and examined all adult inpatient admissions
between February 1, 2017 and February 1, 2018 (Tiase et al., 2020). Patients’ date of birth, sex,
race, ethnicity and insurance information was extracted, and they assess risk of falls by using the
Morse Fall Scale (Tiase et al., 2020). Nurses also assessed patient-reported hearing loss and
hearing aid use (Tiase et al., 2020). Staff were trained to record all patient falls in the hospital’s
system including information regarding the type of fall, location, prescribed medications, patient
activity before falling, event, equipment and device related to falling (Tiase et al., 2020). Electronic
record data and data of falls were linked, and the medical record number was used as identifier
number (Tiase et al., 2020). The self-care history portion of the nursing documentation contained
structured and free-text data for the self-reported hearing status and hearing aid use (Tiase et al.,
2020). Authors considered any selection of hearing aid ownership as hearing aid use, regarding if
the patient was wearing devices at the time of the encounter (Tiase et al., 2020). Data per visit was
aggregated to create on record per patient by considering any documentation of a fall or hearing
loss across all admissions (Tiase et al., 2020). The sample included 71,745 unique inpatient
admission from a total of 52,805 unique patients with a mean age of 62 years and 50.8% were
female (Tiase et al., 2020). 6,668 (12.6%) of all patients reported hearing loss, of which 1,608 had
hearing aids for all visits (Tiase et al., 2020). 842 patients had at least one fall during the period of
the study (Tiase et al., 2020). The average results for the Morse Fall Scale were 38.21 for the
normal hearing group, 45.50 for the hearing loss without hearing aids group and 39.15 for those
with hearing loss with hearing aids (Tiase et al., 2020). Results showed that patients with self-
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reported hearing loss were significantly more likely to fall than patients without self-reported
hearing loss and that patients with self-reported hearing loss but without hearing aids usage were
significantly more likely to fall than patients with self-reported hearing loss with hearing aids
(Tiase et al., 2020). Moreover, the addition of hearing status and demographic variables were
found to interact with hearing status and improved the ability of the model to predict falls, as
measured by analysis of deviance and C-statistics (Tiase et al., 2020). Patients with hearing aids
were not significantly more likely to fall than patients with normal hearing (Tiase et al., 2020). In
summary, this study revealed a positive association between self-reported hearing loss and the
likelihood of falling in the inpatient hospital setting (Tiase et al., 2020). Also, among patients with
hearing loss, the use of hearing aids led to a reduced risk of falling statistically indistinguishable
from individuals without self-reported hearing loss (Tiase et al., 2020). Some limitations for this
study include the retrospective design and reliance on self-report for hearing loss and hearing aid
use (Tiase et al., 2020). With the information available it is not possible to know if the hearing aids
was in use at the time of the fall (Tiase et al., 2020). The relationship between severity of hearing
loss and risk of fall could not assessed (Tiase et al., 2020). Also, there could be cognitive,
socioeconomic among other factors related to hearing loss, access to hearing aids and risk of fall,
that should be further study in more detail (Tiase et al., 2020). Other aspects like duration of
hearing aid use, types of hearing aids, programming and others should be also evaluated in future
studies (Tiase et al., 2020).
Criter and Gustavson (2020) investigated the relationship between subjective hearing
difficulties and risk of falls. A total of 74 individuals 60 years and older participated in the study
(Criter & Gustavson, 2020). Participants were divided into the following groups: 1) non-audiology
patients which were participants that had never seek audiological evaluation or had any
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audiological complaint, 2) audiology patients without hearing aids and 3) audiology patients with
hearing aids. The former had not been fit with hearing aids or other devices and the latter currently
used hearing aids (Criter & Gustavson, 2020). Participants completed three questionnaires to
assess the impact of hearing, dizziness and balance on daily life (Criter & Gustavson, 2020).
Participants completed the Hearing Handicap Inventory for the Elderly (HHIE) by Ventry and
Weinstein (1982), the Dizziness Handicap Inventory (DHI) by Jacobson and Newman (1990) and
the Activity-Specific Balance Confidence Scale (ABC) by Powell and Myers (1995) (Criter &
Gustavson, 2020). They also answered several questions regarding their overall health, hearing,
balance and fall history like indicating the number of falls they had sustained within the last 12
months (Criter & Gustavson, 2020). Lastly, participants completed the Timed UP and Go Test
(TUG) (Criter & Gustavson, 2020). In order to be able to make comparisons between groups, only
unaided HHIE score were used for the analysis (Criter & Gustavson, 2020). Average scores of the
different outcome measurements were analyzed according to the group and HHIE score category
(mild, moderate or severe HHIE) (Criter & Gustavson, 2020). The original sample included 86
individuals, however due to age differences among groups individuals were excluded from the
experiments and, in the end, there were 28 participants on the non-audiology group, 18 participants
in the audiology patients with hearing aids and 28 participants in the audiology patients without
hearing aids (Criter & Gustavson, 2020). Results revealed significant correlations between unaided
HHIE scores and DHI among patients without hearing aids and between unaided HHIE scores and
number of recent falls in the audiology patients with hearing aids (Criter & Gustavson, 2020). All
groups were stratified in to mild (0-16), moderate (18-42), or severe (44-100) HHIE (Criter &
Gustavson, 2020). Results revealed a clear trend of increased fall risk with increasing HHIE score
category for DHI and number of medications (Criter & Gustavson, 2020). This trend of HHIE and
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DHI was more pronounced in audiology patients without hearing aids, whereas the trend toward
higher number of medications is most clear in audiology patients without hearing aids and nonaudiology patients (Criter & Gustavson, 2020). Another trend showed increasing number of annual
falls with increasing HHIE score category (Criter & Gustavson, 2020). Both groups of audiology
patients had similar trajectory, however, audiology patients without hearing aids reported more
falls in all three HHIE categories than audiology patients with hearing aids (Criter & Gustavson,
2020). Significant correlation was noted for DHI and HHIE categories in audiology patients
without hearing aids and for number of recent falls for audiology patients with hearing aids (Criter
& Gustavson, 2020). Criter and Gustavson (2020) investigated the relationship between subjective
hearing difficulty and falls risk. Their results suggest that increasing levels of subjective hearing
difficulties, as per HHIE, are significantly correlated with some fall risk factors in older adults,
including history of falls (Criter & Gustavson, 2020). Overall, participants with higher degrees of
subjective hearing difficulties were considered at risk for falls more often than those with lower
degrees of subjective hearing difficulty (Criter & Gustavson, 2020). Additionally, the group of
audiology patients with hearing aids reported fewer falls than those without hearing aids (Criter &
Gustavson, 2020). Hearing aids seemed to reduce the level of hearing difficulty experienced by
the patient, as per HHIE (Criter & Gustavson, 2020). They suggest that over time, the use of
hearing aids may have a positive effect on quality-of-life indicators and conclude that it is
conceivable that hearing aid use may have an impact on number of intrinsic fall risk factor and,
therefore a potential; role of hearing aids on fall risk should be further investigated (Criter &
Gustavson, 2020). A few limitations of the study need to be noted. Only unaided HHIE scores
were used, audiometric information was not available for comparison between groups, available
hearing aid data including whether or not participants wore their hearing aids during TUC test or
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details about duration of use or daily hour use was not available (Criter & Gustavson, 2020). Also,
the unequal number of participants in each group, the small number of participants in some
subgroups and the difference in gender make-up of the groups may have impacted the internal
validity of this study (Criter & Gustavson, 2020).

DISCUSSION

HEARING AID USE AND BALANCE

The purpose of the systematic review was twofold: to evaluate all the research available on
the effect of hearing aid use on balance outcomes and to evaluate all the research available on the
effect of hearing aid use on fall outcomes. The research questions were as follows: 1) Does using
hearing aid use improves self-reported or tested balance outcomes in adults with hearing loss? and
2) Does using hearing aid use decreases self-reported or objectively measured fall outcomes in
adults with hearing loss? A thorough search using well-known data bases was performed to
identify peer-reviewed research studies that investigated the effects of hearing aid use on balance
and falls. The search resulted in a total of ten studies that meet the inclusion criteria for the first
research question and a total of four studies that met the criteria for the second research question.
A summary of the general postures of each study that analyzed the effect of hearing aid use on
balance outcome is shown in Table 3.
Generally, out of the ten studies, six studies supported that hearing aid use improved
balance outcomes and four did not find significant effect of hearing aids on balance outcomes.
Table 4 summarizes specific conclusions for each study.
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Table 3. Summary of the general posture of each study regarding the effect of hearing aid use on balance
outcomes. Studies that supported the effect of hearing aid use on balance were marked as positive and
studies that results showed no significant effect of hearing aid use on balance outcomes were marked as
negative
Study by
Investigators

Year

Supports that Hearing Aid Use
Improve Balance

Lacerda, Silva, de Tavares Canto & Cheik

2012

_

Rumalla, Karim & Hullar

2015

+

Vitkovic, Le, Lee & Clark

2016

+

Negahban, Bavarsad Cheshmeh
Ali & Nassadj,

2017

+

Shayman, Earhart & Hullar

2017

Weaver, Shayman & Hullar

2017

+
_

McDaniel, Motts & Neeley

2018

_

Kowalewski

2018

_

Maheu, Behtani, Nooristani, Houde, Delcenserie,
Leroux & Champoux

2019

+

Ibrahim, da Silva, Segal and Zeitouni

2019

+
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Table 4. Summary of the main conclusions for the studies that analyzed the effect of hearing aid use on
balance outcomes by year and investigator of the study
Investigators & Year
Lacerda, Silva, de
Tavares Canto &
Cheik
(2012)
Rumalla, Karim &
Hullar
(2015)

Main Conclusion
Balance did not significantly improve between those who adapted to
amplification versus those who did not
Balance significantly improved in the aided condition (hearing aids on)
compared to the unaided condition (hearing aids off)

Vitkovic, Le, Lee &
Clark
(2016)

The presence of sound did not affect sway in the unaided condition but was
associated with reduced sway when users wore hearing aids. Amplification
appears to increase access to spatial cues that can be used for balance control.
Participants with vestibular deficits relied more on sound cues

Negahban, Bavarsad
Cheshmeh
Ali & Nassadj
(2017)

Auditory information is important in maintaining static balance function as
wearing and turning-on the hearing aids provided a significant improvement in
postural stability among older adults with hearing loss

Shayman, Earhart &
Hullar
(2017)

Hearing aids and cochlear implants may provide clinically significant
improvements in gait performance. They be important interventions for
improving stability during ambulation in people with hearing loss and vestibular
loss

Weaver, Shayman &
Hullar
(2017)
McDaniel, Motts &
Neeley
(2018)

Data did not confirm that auditory input provides a significant benefit to gait
parameters in either hearing aids or cochlear implant patients
No significant difference in balance of experienced hearing aid users with and
without the use of their hearing aid

Kowalewski
(2018)

Hearing aids improved speech comprehension in noise, but reactive balance
performance with hearing aids did not significantly improved enough to prevent
falls in older adults with hearing loss

Maheu, Behtani,
Nooristani, Houde,
Delcenserie, Leroux &
Champoux
(2019)

HIVL group benefited significantly more from hearing aids to maintain posture
as compared to the HI and NH groups when somatosensory cues were disturbed

Ibrahim, da Silva,
Segal & Zeitouni
(2019)

Significant effect of hearing on postural stability. For hearing impaired
individuals and hearing aid users, auditory input helped with maintenance of
postural stability. Hearing aids helped maintain better balance by providing
awareness of their environment
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As mentioned in Table 4, Lacerda and colleagues (2012b) did not find significant
improvements in balance, as per the Berg Balance scale, with the use of amplification when
compared to those who did not. In contrast, Rumalla and colleagues (2015) did find significant
improvement in balance in the aided (with hearing aids on) versus the unaided (hearing aids off)
condition. Vitkovic and colleagues (2016) found that using hearing aids did not increase overall
stability, however there was interaction with sound environment which suggest that wearing
hearing aids has an impact on how individuals with hearing loss are able to use sound cues.
Negahban and colleagues (2017a) found significant improvement in postural stability which is
important for static balance with amplification. Shayman, Earhart and Hullar (2017) reported
significant benefit in gait performance in three individuals in the aided condition. In a following
study, Weaver, Shayman and Hullar (2017) failed to find significant difference in gait performance
in either hearing aids or cochlear implant users. This was also the case for McDaniel, Motts &
Nelly (2018a) who failed to find significant improvement in balance outcomes in experience
hearing aid user when compared to the unaided condition. Kowalewski (2018a) reported that
simulated hearing loss negatively impacted the ability of older adults to regain balance, which was
noted in increased number of steps, but did not find significant improvement in balance in aided
older adults. Maheu and colleagues (2019) did not find significant improvement in the aided
condition in their group of older adults with hearing impairment, however they did find
improvement in their group of older adults with hearing impairment that also had vestibular loss.
Lastly, Ibrahim and colleagues (2019) reported that auditory input is important for maintaining
balance in hearing impaired and hearing aid users with moderate to severe unilateral or bilateral
sensorineural hearing loss. Their results showed that hearing aid use significantly improves
postural stability.
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A few important limitations need to be discussed in further detail. There was significant
variation among studies in sample size, patient selection, characteristics of the hearing loss,
specifications of the amplification used and methodology. These are summarized below in Table
5 and will be discussed in more detail below.

Table 5. Summary of the limitations to consider when analyzing the studies that evaluated the effects of
hearing aid use on balance outcomes
Variables
Sample
Patient
Selection
Hearing
Loss

Description
•

Sample size was variable among studies

•
•

Some studies included individuals with cochlear implants
Some studies included participants with vestibular pathologies or vestibular loss

•

Not all the studies clearly stablish the type, severity, etiology and time of the
hearing loss
Hearing loss was not match among the hearing impaired and the hearing impaired
+ vestibular loss in study by Vitkovic and colleagues
Not all the studies clearly stablish the time or level of experience of hearing aid
user
Not all the studies mention how the hearing aids were programmed, if verification
was performed, and which program was the patient in during the test
Sound stimulus and position of the speakers
Some of the studies used self-reported balance outcomes while other perform tests
Among the ones that performed test, different tests were used (e.g. Romberg test
vs. center of pressure measures)

•
•

Hearing
Aids

•

•
•
Methodology
•

First, there was considerable variability in sample size among studies. Specifically,
Shayman, Earhart and Hullar (2017) only included in their study 3 participants with bilateral
hearing loss and using assistive listening technology (2 hearing aids and one CIs). This was the
study with the smallest sample size included in our systematic review. Later on, in another attempt
Weaver, Shayman & Hullar (2017) performed a similar study with 13 bilateral hearing aid users
and 12 bilateral cochlear implant users, which is still considered a small sample size, but it is larger
in comparison to the first study. These two studies differ in their conclusion with the former
supporting the effect of hearing aids and cochlear implants on balance and the later reporting no
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significant effect. This contrast between studies could be partly explained by the differences in
sample sizes. This mean that the characteristics of the few individuals in the first study could have
impacted their results. Similarly, Ibrahim and colleagues (2019) noted that one of the limitations
of their study was the small group sizes with only nine individuals in their hearing aid group. The
size of the sample has been known to be a very important aspect of research since it affects the
validity of the study. This is, smaller sample sizes limit comparisons between groups. For instance,
Ibrahim noted that the comparisons between the hearing aid group and the normal hearing groups
were not attempted due to significant age differences. With a greater sample size and similar ages
robust comparisons could have been established between groups. Additionally, sample size is
important for external validity since it affects who the results can be generalized to. The rest of the
studies had a similar relatively large sample. Therefore, we will not go into details analyzing the
impact of the sample for them.
Additionally, some of the studies excluded patients with vestibular pathologies while
others included or even analyzed separately the effects of using amplification in balance of
participants with both hearing impairment and vestibular pathologies. First, in Lacerda’s (2012b)
study it is not clearly mentioned if they analyzed vestibular function of the participants of the study
and in their initial balance assessment, participants had overall good balance and motor function
which they explain may have been one of the variables that led them to not find significant benefit
on their balance outcome from amplification use. Rumalla and colleagues (2015) excluded from
their study participants with vestibular disorders as was also the case for Weaver et al (2017),
McDaniel et al (2018a), Negahban et al (2017a), Kowaleski et al (2018a) and Ibrahim et al (2019)
studies. Therefore, their result limits the population to which results can be generalized.
Specifically, results from these two studies should only be generalized to older adults with hearing
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aid experience for which there is no confirmed balance dysfunction. In contrast, Vitkovic and
colleagues (2016) establish as one of their objectives to investigated weather weighting of auditory
cues changes when there is an additional vestibular deficit. They specifically had a hearingimpaired group (no history vestibular loss) and an additional group with hearing impairment and
documented vestibular loss of any degree and configuration which was verified with the most
recent vestibular evaluation results. Similarly, Shayman, Earhart and Hullar (2017) included
participants with history of Meniere’s disease and BPPV in their study. As noted previously,
Weaver and colleagues (2017) did not include participants with vestibular deficit in their study,
which is an important difference between Shayman’s et al (2017) and Weaver et al (2017) that
might explain the difference between the results of both studies. Finally, Meheu and colleagues
(2019) included and analyzed the effect of amplification in a group of hearing impaired with
concomitant vestibular loss. Interestingly, the studies that included participants with vestibular loss
even if unspecified, showed significant benefit of amplification in balance outcomes. Moreover,
the two studies that compared groups with only hearing loss and hearing loss plus vestibular
deficits, both concluded that they found more benefit of using amplification in the later than the
former.
There was a discrepancy in the criteria used by the studies for hearing loss. This is, not all
the studies were specific regarding the type, degree of severity, time and etiology of the hearing
loss of the participants. Lacerda (2012b) only mentioned that they included 56 participants with
bilateral SNHL. Rumalla, Karim and Hullar (2015) reportedly collected audiometric information
from all participants, however they did not mention the etiology, type, severity level or how long
have participants had hearing loss. The only aspect mentioned in their article is the average gain
of the hearing aid among participants. In contrast, Vitkovic et al (2016), reported more information
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about hearing loss including the mean 4 frequency average for the left and right ear for all the
groups, the mean time with hearing loss in years, the characteristics of the hearing loss and the
characteristics of the vestibular loss. In their study they found that the mean 4 frequency average
for both ears is significantly larger in the aided when compared to the unaided and the vestibular
group as is the mean time with hearing loss. This implies that the more severe hearing loss and the
longer time with hearing loss was found in the participants who used hearing aids, which makes
sense as research has shown that the mean average for a person to seek amplification is about 10
years (Davis et al., 2016). Therefore, the longer and the more severe the hearing loss the higher
the probability that the person had seek amplification. Maheu and colleagues (2019) argued this
point in their study, stating that Vitkovic et al (2016) did not match hearing thresholds between
the hearing impaired and the hearing impaired and vestibular loss group and that this could have
affected the internal validity. However, after accounting for this variable in his study, Maheu et al
(2019) obtained similar results in their study. Negahban and colleagues (2017a) also reported the
mean time of hearing aid acquisition and the mean hearing threshold for all the groups, and it was
comparable to Vitkovic et al study. Shayman and colleagues (2017) mentioned the etiology, the
configuration and a general idea of the degree of the hearing loss. However, they did not mention
the time of onset of hearing loss or hearing acquisition. Weaver and colleagues (2017) only
mentioned that unaided thresholds were worse than 30dB HL in the better hearing ear and were in
the normal range with amplification. Cochlear implant participants had severe to profound hearing
loss bilaterally and could hear the testing stimulus while wearing their processors. McDaniel and
colleagues (2018a) created a composite audiogram of the participants that revealed hearing within
normal limit sloping to moderately severe hearing loss and report an average audibility index of
41 for the right ear and 33 for the left ear, which is comparable to the previous study mentioned.
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However, it is not mentioned the type of hearing losses. Kowaleski (2018a) only noted the time in
years of the initial diagnosis but did not describe the other variables of interest. Maheu and
colleagues (2019) reported the severity of hearing loss but did not mention time of acquisition or
type of hearing loss. It was noted that participants in this last study are reported to have severe to
profound hearing loss which compared to the other studies is a higher degree of severity and may
have impacted results. Ibrahim et al (2019) only mentioned that the inclusion criteria used was
individuals with unilateral or bilateral moderate to severe SNHL for the hearing aid group and
mild high frequency sensorineural hearing loss for the hearing impaired or presbycusis group. All
in all, studies are not consistent in reporting detailed information regarding hearing loss of the
participants. It is, therefore, suggested that future studies are more diligent and report more clear
and detailed information regarding the type, degree, configuration, symmetry and time of
acquisition of the hearing loss among other as this could affect results and will limit the external
validity of the studies.
Similarly, the criteria for amplification differ among studies. First, in the Lacerda et al
(2012b) study they talked about adaptation to the device of individual sonorous amplification
(AASI). These devices are described as devices that rescue the perception of the sounds of speech,
beyond the ambient sounds, improving communication. This is consistent with the description of
traditional hearing aids. However, it is not exactly stated that they are hearing aids. They also are
not clear on the programming settings, gain, fitting, style, time of acquisition of devices among
others. These devices should have been defined and described more clearly. This is probably
another explanation why they did not find significant effect of amplification in their balance
outcomes. Rumalla and colleagues (2015) did clearly mention using hearing aids. However, they
did not mention the type, time of acquisition, programming features or id verification

62

measurements were performed. The only aspect they noted about the hearing aids is the gain and
a minimum or 3 months as time of acquisition. In this study, gain is described as the decibel of
sound pressure level that sound must be amplified in order to be perceived by the wearer as a
comfortable conversational sound at a given frequency and they state that gain was averaged at 4
frequencies and report an average gain of 12.75dBSPL in the study (Rumalla et al., 2015). Vitkovic
and colleagues (2016) did mention the type of hearing aids in the aided group (4BTE, 6RIC, 1ITE,2
ITC and 3 CIC). However, it was indicated that given the wide array of hearing configurations in
their study, hearing aid styles and features were not controlled or investigated, which is a clear
limitation to the internal validity of the study. In their study, amplification seemed to increase
sound to spatial cues and, therefore, they stated that it was encouraging to see that the hearing aid
processing of sound did not adversely affect sway (Vitkovic et al., 2016). It was noted that sound
processing through the hearing aid could have impacted the potential effectiveness of providing
amplified spatial cues (Vitkovic et al., 2016). Hearing aids use a variety of sound processing
algorithms, with the primary emphasis on enhancing speech perception and reducing background
noise and, as such, the auditory spatial cues most important for balance control could have been
distorted by the processing (Vitkovic et al., 2016). Vitkovic and colleagues (2016) noted that this
notion may explain the finding that the mean sway was slightly worse in the ‘aided + no sound’
condition than it was for the ‘unaided + no sound’ condition. It is possible that there are effects of
hearing-aid processing for soft sounds, interfering with the ability of the listener to use very soft
‘ambient’ sounds for balance (Vitkovic et al., 2016). It is not uncommon for hearing aids to reduce
gain for low-level or unmodulated inputs as a method of reducing the annoyance of low-level
background noise and, thus, unaided users may have access to at least some ambient sound cues
until they wear their hearing aids (Vitkovic et al., 2016). This would particularly affect users with
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minimal hearing loss or hearing loss that only affects certain frequency ranges, which was the case
for many hearing-impaired subjects in this study (Vitkovic et al., 2016). The ability to access
spatial information is a reflection of the efficacy of binaural hearing which will depend on the
degree, configuration and symmetry of the hearing loss itself, the time course of the hearing loss
and the adequacy and time frame of aiding (Vitkovic et al., 2016). Given the wide array of hearing
configurations, hearing-aid styles and features, it is a limitation of this study that we were not able
to control or investigate these aspects (Vitkovic et al., 2016). This could be an avenue for further
research. Similar to Rumalla et al, Negahban and colleagues (2017a) included participants who
wore bilateral hearing aids for at least 3 months and that had a 4-frequency average threshold
between 20 and 35dBHL with amplification. They also reported a mean time of hearing aid
acquisition of approximately 3 months. Negahban et al (2017a) stated that it is common that
hearing aid users do not wear amplification consistently and since they did not use data logging it
is not possible to establish a correlation between hearing aid use and the benefit of hearing aids.
As previous studies, they failed to report information on fitting, programming, sound processing,
verification and more. Shayman et al (2017) and Weaver et al (2017) also established bilateral
hearing aid and cochlear implant use for at least three months, reported time of acquisition of
hearing aid and cochlear implants, and did not reported other variables like programming, fitting,
style of hearing aid, verification and others. These two studies also bring another important
consideration in that they analyzed not only hearing aids but cochlear implants. This variable will
be addressed later on in the discussion. In McDaniel et al (2018a) study, the participants have a
range of experience with amplification from 3 months to 10 years with an average of 3.5 years.
They specify that aided participants were fitted bilaterally with frequency transposition technology
and indicate that prior to study all hearing aids were check by a license audiologist for any
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malfunction including variations form original programming. This is the only study that has
proceeded this way. Checking for malfunctions and programming should have been taken into
consideration in other studies and it is recommended in future research. Neither Kowaleski (2018a)
study nor Maheu et al (2019) studies provided any information regarding time of acquisition of
hearing aids, if participants were unilateral or bilaterally fitted or anything about programming,
gain, malfunction verification, styles, real ear verification. Similarly, Ibrahim and colleagues
(2019) only provided information regarding the time of use of hearing aids. In summary, studies
need to be more consistent, gather more detailed information and verify that amplification is
appropriate as well as in good working condition. It is, therefore, recommended that future studies
gather and analyze more information regarding the amplification method used. Specifically,
unilateral or bilateral fitting, style, overall gain, programs with the hearing aids, time of acquisition,
fitting formula, compression or transposition processing algorithms, any possibility of distortion,
data logging, verification and troubleshooting for malfunctions.
Most of the studies were limited to bilateral hearing aid use. It would be interesting to
compare bilateral hearing aid users with unilateral users. This variable should be taken into
consideration in future research. Also, research comparing the effects of hearing aid use on balance
outcomes in individuals with bilateral hearing loss versus single sided deafness require further
investigation. Similarly, further studies should investigate the impact of hearing aids in balance
outcomes for adults with dual sensory impairment as research has shown that older individuals
with both vision and hearing impairment, also known as dual sensory loss, have overall poorer
balance.
It is important to evaluate the differences among the participants of the studies as the
discrepancy in the results of the studies could have been impacted by these. For the purposes of
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this systematic review, we wanted to limit our search to hearing aids. However, the studies on the
topic are limited and, thus, we decided to extend our criteria and include studies that analyzed both
hearing aids and cochlear implants. This way we were, in a way, also taking into consideration
individuals with profound hearing losses. It was decided that we were not going to include studies
that exclusively assessed the impact of cochlear implants on balance. The reason behind this is that
the hearing aids and cochlear implants are markedly different. Cochlear implants constitute a
surgical operation that has been known to have effect on balance, specifically immediately after
surgery. Also, the way cochlear implants operate, meaning that they stimulate the nerve by having
an electrode array in the cochlea that sends electrical impulse stimulating the auditory nerve is
clearly different than hearing aids. With cochlear implants we are essentially bypassing the
damaged cochlea directly stimulating the nerve. In contrast, with hearing aids we are working with
the impaired cochlea trying to use the remaining hair cells to stimulate the auditory nerve.
Therefore, I believe that due to all this difference it would be a disservice trying to include studies
that analyze the long-term effect of cochlear implants on balance in this systematic review, As
mentioned, however, due to limited studies on our topics, available research that evaluated both
hearing aids and cochlear implants were included. It is imperative that, if not already done, a
systematic review regarding the long-term effects of cochlear implants on balance and falls is
performed including the time for balance function to return post implantation and if there is need
for some form or value of vestibular intervention.
The final limitation to consider is the methodology used by the investigators. A few points
will be discussed here include sound conditions, test performed and measured outcomes. One of
the theories is that hearing aids provide access to sound cues. Therefore, all the studies with the
exception of Lacerda provided participant with some kind of sound in the environment during

66

testing. Rumalla et al (2015) used broadband white noise (0-4kHz) at 65dBHL and they chose this
frequency band because according to them hearing aids apply frequency compression above 4kHz,
which could cause a confounding effect when comparing sound thresholds with the hearing aids
versus without hearing aids. The noise was presented through a speaker with a frequency response
of 0.1 to 22 Hz, placed at 1 meter directly in front of participants at ear level (Rumalla et al., 2015).
In contrast, Vitkovic and colleagues (2016) had 4 sound environments were: an ambient room of
similar dimensions to the sound-treated room, a sound-treated room with the subject wearing
earplugs, a sound-treated room with a continuous white noise presented from a front speaker 106
cm away and a sound-treated room with a moving noise. The moving noise condition was achieved
by the sequential presentation of white noise (0.5ms of ramp time and a 1-second plateau) through
8 speakers moving from left to right and back (Vitkovic et al., 2016). The 8 speakers were arranged
in a 180-degree semicircular array, spaced equidistantly (Vitkovic et al., 2016). These conditions
were collapsed in the analysis to no sound and with sound variables because there were not
significant differences between sound environment (Vitkovic et al., 2016). Negahban et al (2017a)
only stated that his experiment was performed in a regular room with ambient sound without
specification of the type or level of presentation. Shayman and colleagues (2017) presented
background noise (56 dB A-weighted) for the GAITRite strip experiment was provided by a line
of three treadmill machines oriented parallel to the strip at a distance of about 3 m, and for the
mini-BESTest was produced by an interstate highway approximately 50m distant (59–62dB Aweighted). Each sound source provided a diffuse, but directional, auditory cue (Negahban et al.,
2017a). In contrast, Weaver et al (2017) performed his test in a large, open, quiet (background
noise <45 dB) room with a single point-source speaker that was placed at head level playing
broadband white noise (0 – 4 kHz, 65 + 5 dB) with an overlay of natural rainfall sound. This is
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another possible reason for the discrepancy in results between these two studies. McDaniel and
colleagues (2018a) presented multitalker babble at a level of 65 dB SPL through stereo speakers
positioned at ear level directly in front and approximately 1 m from the participants’ heads. Their
reasoning for the multitalker babble was that it served to provide additional sensory stimulation,
which was reported by Dozza et al. (2005) and Rumalla et al. (2015) to be beneficial to balance in
participants with and without hearing loss (McDaniel et al., 2018a). Kowaleski (2018a) was a little
different in that he provided a speech test, they had three auditory conditions: 1) no audio sound,
no repeat back resulting in the single task of maintaining balance; 2) normal hearing condition in
which the BKB-SIN audio files were played, and participants with a diagnosis of hearing loss wore
their hearing aids; and 3) hearing loss condition in which the audio files were manipulated to
simulate hearing loss for the young and old adults without a hearing loss diagnosis, and participants
with a hearing loss diagnosis performed the task without their hearing aids (Kowalewski, 2018a).
Participants with hearing loss received the audio input through the speakers, which was delivered
directly to the ear via hearing aids. In order to standardize audio input directly to the ear,
participants with normal hearing received the audio input to the ear through Bose QuietComfort
35 wireless headphones (Kowalewski, 2018a). Therefore, in this respect Kowaleski’s study cannot
be directly compared to the other studies. Maheu and colleagues (2019) presented pink noise (100
Hz to 4kHz) was presented in the room through a speaker placed 1m behind the participant. The
sound intensity at the patient’s head was set at a comfortable level, varying between 56 dB SPL
and 65 dB SPL (Maheu et al., 2019). Lastly, Ibrahim et al (2019) argued that most studies like
Rumalla et al used broadband noise sound source and that previous studies have shown that
different sound intensities and frequencies could have different effects on postural sway, which is
why the used 1/3 octave noise with 3kHz center frequency at 30dBSL from a speaker placed
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directly in front of the participant’s head, at 1m distance. Further studies are needed to clarify the
effect of using different sounds and whether there is any difference if the sound is stationary versus
dynamic sound. Additionally, more research in needed that analyzes the effect of the type of sound,
the presentation level and frequency and the type of presentation on the balance outcomes.
Another condition relating to methodology is the type of test used to measure balance
outcomes. First, Lacerda et al (2012b) performed the Berg Balance Scale questionnaire. This test
measures postural balance and may be a predictor of falls and it consists of 14 items scored on a
5-point ordinal scale (Laratta et al., 2019). A core of 41 to 56 is described the participant as
independent, 21-40 suggest “walking with assistance” and 0-20 represents “wheelchair bound”
(Laratta et al., 2019). Therefore, Lacerda et al assessed self-reported balance difficulty as
compared to all the other test which measured performance-based balance outcomes. This makes
difficult to make valid comparisons between Lacerda et al and all the other studies included.
Overall, most studies included used two types of test were mostly used static (postural control or
stability) and dynamic (gait). In Rumalla et al (2015) study, participants performed the Romberg
test on foam and the tandem test. Rumalla et al (2015) discussed that many studies have used the
Romberg test on foam to quantify balance in a variety of clinical situations and that they found the
test to be a useful measure for most of our participants. They observed, however, that four of the
participants performed at a maximum score of 30 seconds in both the aided and unaided conditions
(Rumalla et al., 2015). The tandem stance test was found to be a more difficult measure of stability,
probably due to the fact that it limits the test participant to a narrower base of support and
accentuate evidence for losses in static balance (Rumalla et al., 2015). This test allowed them to
detect an improvement with sound even in the participants in whom a ceiling effect obscured this
improvement on the foam test (Rumalla et al., 2015). Vitkovic et al (2016) measured static postural
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sway using the Nintendo Wii Balance Board which is a validated measure that allowed them to
measure total center of pressure which quantifies the amount of sway. Both Rumalla et al and
Vitkovic et al results are congruent in that they suggest more stable stance in aided older adults.
Similarly, Negahban et al (2017a) assessed static balance function was objectively assessed using
a strain gauge Bertec 4060-10 force platform and they also measured CoP parameters, specifically
mean velocity and standard deviation velocity as well as sway area and also found significant
benefit of amplification over balance. In contrast, studies by Shayman et al (2017) and Weaver et
al (2017) measured gait performance instead of static posture. Participants in Shayman et al (2017)
study performed the Mini-BESTest which is analogous to the Berg Balance Test, the Tinetti
Balance Test and the Timed Up and Go test, the functional ambulatory performance (FAP) and
the Romberg Test. Weaver et al (2017), on the other hand, used inertial sensors and patient to walk
as well as completed the timed up and go test. Weaver and colleagues (2017) discussed that gait
performance is at least as important as static balance because tripping is the underlying cause for
the majority of falls and decreases in dynamic balance performance, especially gait, are linked to
increased risk of falling. Therefore, Weaver et al (2017) states that the mayor difference between
both studies is that in the former study a GAITRite Strip was used to measure foot position while
walking but inertial sensor instrumentation of gait was used in the latter. Inertial sensors are known
to be limited by less robust correlation with falls and require output data to be processed into
meaningful gait parameters (Weaver et al., 2017). Despite the limitations, postural sway, as
measured by inertial sensors, has been validated with platform sway measures in other studies
(Weaver et al., 2017). Gait parameters derived from these sensors have also been correlated with
fall risk, demonstrating a wide range of sensitivity (35 – 100%) and specificity (55–99%) for fall
risk (Weaver et al., 2017). McDaniel et al (2018a) tried to replicate the work of Rumalla and
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colleagues (2015) with some changes in the methodology. The sensory organization test was
completed using the NeuroCom Balance master which uses the ability to process a number of
environmental cues to execute appropriate movement balance assessing the individual’s ability to
assign priority to the most accurate sensory inputs to maintain static balance (McDaniel et al.,
2018a). McDaniel and colleagues (2018a) state that the Romberg test is not appropriate for
intervention research studies and that the reliability and validity of the study has been in question
by the task force causing that people with vestibular dysfunction do not necessarily have difficulty
with the test. Therefore, they concluded that the discrepancy between their results and those of
Rumalla may be found in the instrument used to quantify balance and that both the Romberg Test
and the tandem stance are timed screened instruments, whereas the NCBMSOT offered a more
technologically advanced alternative to objective quantification of balance and postural stability
(McDaniel et al., 2018a). Kowaleski (2018a) measured reactive balance on participants that
underwent dual-task auditory and balance testing while standing on an instrumented dual-belt
treadmill. Participants were required to stand and maintain their balance with unexpected surface
translations while simultaneously listening and repeating back sentences (Kowalewski, 2018a).
Dual-task auditory- balance sentences were randomized to control for a learning effect. Number
of steps was recorded using visual observation with Cortex Motion Analysis to verify for any
uncertainties (Kowalewski, 2018a). This way of measure balance has not been used in any of the
other studies and the validity and reliability was not discussed (Kowalewski, 2018a). What they
mention is that one limitation to the study was the size of the treadmill and the harness system
since the individuals were limited in the number and direction of steps able to be taken compared
to a setting where participants are able to move more freely (Kowalewski, 2018a). Maheu et al
(2019) measured sway area and sway velocity using center of pressure recordings of participants
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performing the modified clinical test of sensory integration in balance (mCTSIB) in four different
postural conditions. They stated that it is worth nothing that the static postural control task may
have not been challenging enough for the normal hearing group and the hearing-impaired group
and thus may explain the absence of any significant improvement between hearing conditions in
these two groups (Maheu et al., 2019). Therefore, they recommend future studies to consider this
ceiling effect and use a more challenging task in the future, such as dynamic postural control
(Maheu et al., 2019). Ibrahim and colleagues (2019) performed that Romberg on foam and the
tandem test for postural stability as Rumalla et al did in the past. They note in their study that
ceiling effect was a limitation of the study specifically for the normal hearing individuals who had
better balance as per DHI and were significantly younger than the hearing aid group (Ibrahim et
al., 2019). In the end, self-reported balance test did not show significant benefit of hearing aids on
balance. Most of the studies evaluated static balance through center of pressure with different tasks.
It is recommended that future studies to choose carefully the task and be aware of the possibility
of ceiling effect.
HEARING AID USE AND FALL RISK

The second objective of this study was to determine if hearing aid use has an effect in
decreasing frequency of fall risk in older adults. A thorough research in well-known data bases
resulted in a total of four studies. All studies were randomized cross-sectional, longitudinal or
retrospective studies in English or Spanish dated from 2012 to the present. Table 6 summarizes
their conclusions and overall posture regarding the effect of hearing aids on frequency of falls,
self-reported falls and fear of falling outcome measures.
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Table 6. Summary of the main conclusions and the general posture of the studies that analyzed the effect
of hearing aid use on fall risk outcomes by year and investigator of the study
Supports that
Investigators
Year
Conclusions
Hearing Aids
Improve Falls
The use of amplification was beneficial for daily
Lacerda, Silva, de
activities and functionality of the participants. After
Tavares Canto &
2012
adaptation, patients were observed to have
Cheik
improvement in overall quality of life and autoconfidence and to have less fear of falling
Mahmoudi, Basu,
The use of hearing aids among adults with hearing
Langa, McKee,
2019
loss was associated with significantly lower risk of
Zazove, Alexander
being diagnosed with an injurious fall
& Kamdar
Tiase, Tang,
Positive association between self-reported hearing loss
Vawdrey, Raso,
and the likelihood of falling in the inpatient hospital
Adelman, Yu,
setting. Among patients with hearing loss, the use of
2020
Applebaum &
hearing aids led to a reduced risk of falling
Lalwani
statistically indistinguishable from individuals without
self-reported hearing loss
Increasing levels of subjective hearing difficulty, as
measured by the HHIE, are significantly correlated
with fall risk factors including history of falls in older
adults. Participants with higher degrees of subjective
Criter &
hearing difficulty were, on average, at risk for falls
2020
Gustavson
more often than those with lower degrees of subjective
hearing difficulty. The group of audiology patients
with hearing aids reported fewer falls than those
without hearing aids.

+
+
+

+

Lacerda and colleagues (2012b) analyzed the effect of amplification on self-reported falls
frequency. They analyzed balance, self-reported falls and quality of life prior to intervention
(Lacerda et al., 2012b). Then, participants were fit with amplification devices and were tested post
intervention (Lacerda et al., 2012b). Results revealed that the individuals who adapted to
amplification had improvement in functionality, quality of life and self-confidence which
decreased fear of falling outcome measures (Lacerda et al., 2012b). Mahmoudi and colleagues
(2019) analyzed the effect of hearing aids in various outcomes like Alzheimer’s disease, anxiety
or depression, and injurious falls among adults in a retrospective study of national longitudinal
claims between 2008 and 2016 (Mahmoudi et al., 2019). They looked for diagnosis of injurious
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falls among 114,862 adults with hearing loss (Mahmoudi et al., 2019). Their results indicate that
the use of hearing aids was associated with a delayed diagnosis of Alzheimer’s disease, dementia,
depression, anxiety, and injurious falls (Mahmoudi et al., 2019). Tiase and colleagues (2020)
analyzed the association between risk of patient falls. They also assessed weather self-reported
hearing loss with and without hearing aids predicts patient falls in an inpatient setting (Tiase et al.,
2020). This study is also a retrospective cohort analysis in a medical center (Tiase et al., 2020).
Their results showed association between hearing loss and falls (Tiase et al., 2020). Moreover,
among patients with hearing loss, not wearing hearing aids was associated with a significant
increased risk of falls (Tiase et al., 2020). Therefore, they concluded that there is a positive
association between hearing loss and falls (Tiase et al., 2020). They suggested that hearing loss
should be added as a modifiable risk factor in risk assessment tools for falls and that hearing aids
should be explored as a possible intervention for fall prevention (Tiase et al., 2020). Lastly, Criter
and Gustavson (2020) assessed the relationship between hearing difficulties and hearing aids with
risk of falls by using HHIE, DHI, ABD and TUG and found a positive effect of hearing aid use on
falls. Table 7 addresses some of the limitations inherent in the above studies.
Table 7. Summary of the limitations to consider when analyzing the studies that evaluated the effects of
hearing aids use on fall risk outcomes
Variables
Study Design
Sample
Hearing Loss
Hearing Aids
Methodology

Description
Retrospective studies versus cross-sectional or longitudinal studies
Variability in sample size
Not all the studies clearly stablish the type, severity, etiology and time of the hearing
loss
Not all the studies clearly stablish the time or level of experience of hearing aid user
Not all the studies mention how the hearing aids were programmed, if verification
was performed, and which program was the patient in during the test
Outcome measures: self-reported, diagnosis of injurious falls, versus TUG
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Studies that addressed the effect of hearing aids on falls outcomes are very limited.
Therefore, there is a lot of variability among the few studies currently available. First, the studies
included in this systematic review differ in their main design. Of the four studies included in this
systematic review, two were retrospective studies and two were experimental studies. Therefore,
it is important to note that both type of design have their benefits and limitations. Retrospective
studies have the capacity to obtain information from a larger number of individuals. This was
observed in both Mahmoudi et al. and Tiase et al. studies that had sample sizes of 114,862
participants and 71,745 participants, respectively. Retrospective studies can also be generally
considered to be less costly and time consuming. A limitation of retrospective studies is that they
have to base their analysis on the subjects and information already available. Experimental studies,
in contrast, have the advantage of planning the specific information they need beforehand.
However, it has some limitations like sample size are smaller, the cost is higher than for
retrospective studies and they can be more time consuming, specially, if they are a longitudinal
study. Mahmoudi and colleagues (2020) argue that with regard to potential biases to their
retrospective study there is little evidence to support the superiority of randomized clinical trials
over observational studies and even though retrospective studies are subjected to selection bias,
they adjusted for age, sex, race/ethnicity and chronic conditions to address this issue. It is important
to note the differences between studies as it impacts both the internal and external validity of the
studies included in this systematic review.
This difference in study designs explain the markedly difference among sample sizes. Both
retrospective studies had very large sample sizes while the cross-sectional and longitudinal studies
had smaller sample sizes. Therefore, making comparisons between the studies included in this
systematic review is complicated. Mahmoudi and colleagues (2020) stated that another limitation
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impacting the sample is the unavailability of information on different variables like socioeconomic status, and lifestyle choices. Further studies are needed to take into consideration both
the sample size and demographic variables to improve validity of the studies.
Additionally, studies did not clearly establish important aspects regarding the hearing loss
of the participants. First, Lacerda and colleagues (2012b) only mentioned that participants in their
study had bilateral SNHL. Mahmoudi and colleagues (2020) only criteria is individuals with
hearing loss and they recognize that not having access to information like duration and severity of
hearing loss is one of their main limitation of their study. Tiase and colleagues (2020) analyzed
self-reported hearing loss and hearing aid use without any detail on the characteristics of either of
them. Lastly, Criter & Gustavson (2020) based their inclusion criteria on whether a participant has
ever sought audiological evaluation or reported audiological complaints. Therefore, neither of the
studies that intended to analyze the effect of hearing aids on fall outcomes took into consideration
the type, degree of severity, time of diagnosis of hearing loss among other variables. It is
imperative that future studies take hearing loss related characteristics like the ones mentioned into
consideration.
Moreover, neither of the studies mentioned any information regarding the type of hearing
aid, unilateral versus bilateral fitting, or how long the participants have been hearing aid users. In
addition, there is no mention regarding the level of technology, programming, setting, additional
programs, verification, troubleshooting devices prior to testing, data logging and other important
variables related to amplification. Both hearing loss and hearing aid related variables could have
impacted the internal validity of the studies. This issue is addressed by Mahmoudi et at (2020) in
response to questions regarding timing of hearing aid use. They argued that since they were
interested in the association between hearing aids and time to diagnosis of certain conditions, they
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included those who acquired hearing aids right after hearing loss diagnosis (about 60% of users of
HAs) which made their analysis cleaner because they were following the patients for at least 3
years after diagnosis of hearing loss and first use of hearing aids (Mahmoudi, 2020). Future
research should take into consideration hearing loss and hearing aid related characteristics to
improve validity of the studies as well as to establish clearly to whom the findings can be
generalized to. Future research should also assess the effect of hearing aids on falls comparing
binaural hearing aid users versus individuals with unilateral hearing loss that are fit unilaterally. If
it is not already performed, studies should also compare the effect of hearing aids versus other
devices like bone conduction hearing aids, CROS/BICROS devices and cochlear implants and
their effect on falls.
Lastly, studies included in this systematic review differ on their chosen outcome
measurement to assess falls. This is, Lacerda and colleagues (2012) assessed self-reported falls by
using questionnaires, specifically the SF-36 and Falls Efficacy Scale-International. In contrast,
Mahmoudi and colleagues (2019), performed a retrospective study with nationwide claims data
from manage care payers and analyzed based on diagnosis injuries related to falls. Tiase and
colleagues (2020) performed a retrospective study as well, however they examined adult patient
admission in hospital settings and assessed falls based on the Morse Fall Scale. Finally, in Criter
& Gustavson (2020) study participants performed three questionnaires to assess the impact of
hearing, dizziness and balance on daily life (HHIE, DHI and ABC) as well as answered several
questions regarding their overall health, hearing, balance, and fall history, indicated by the number
of falls they had sustained within the last 12 months and completed the Timed Up and Go test.
In summary, research which addresses the effect of hearing aids on fall outcomes in older
adults with hearing loss is limited. As established previously, falls are extremely prevalent in the
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older population and are the main cause of disability. Even though research is limited and there is
considerable variability among studies, all of the studies that met the criteria for this systematic
review found significant effects of using hearing aids on fall outcomes. This is, all the studies
supported that hearing aids improved self-confidence, decreased the risk of injurious falls, reduced
risk of falling and reduced reported falls among older individuals.
Recent advances in hearing aid technology are using artificial intelligence as a way to
improve sound quality, speech in noise and add different features like tracking brain health and
fall detection. These features can provide additional benefit for fall prevention and balance control.
This is, if hearing aids alone give more confidence to older adults of hearing loss, having additional
fall detection features within the hearing aids that alert family members in case of falls can increase
even more that sense of confidence and allow them to maintain their independence. Studies are
currently evaluating the effectiveness of the fall detection features as well as their effects on falls.
For instance, Burwinkel and colleagues (2020) reported that fall detection system embedded within
hearing aids performed equally or better than more traditional forms of fall detection devices like
the fall detection pendant.
Additionally, with the over the counter (OTC) devices more people will have access to
hearing aids. Thus, hopefully in the future there is a clearer connection between hearing aids and
balance control and fall prevention. Consequently, the increased in access to hearing aids will
positively impact in the public health battle of fall prevention. However, we still need research that
provides specific and detailed information to be able to establish how OTC hearing aids will impact
balance and fall outcomes. For instance, information about the type and configurations of hearing
losses as well as information regarding type of hearing aids, programming, verification and
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validation measurements. Therefore, more research in this topic is strongly recommended to
provide clarity on the present issue and the effect of OTC hearing aids.
As recently as December 2020, Borsetto and colleagues (2020) performed a systematic
review on the influence of hearing aids on balance control. They included observational studies
with hearing aid user with mild to severe sensorineural hearing loss and research the following
databases: Medline, Cochrane, Embase, Web of Science and Scopus. We researched Medline,
Cochrane and Web of Science as well. However, we decided to also search ProQuest, PubMEd,
ScienceDirect, BioMed Central, Google Scholar and CINAHL. Their search strategies were
hearing aid or hearing aids or implant or hearing implant and vestibular, VEMP, balance, posture
stability, among others. We used similar search terms including combinations like balance and
hearing aids, falls and hearing aids, risk of falls and hearing aids, hearing aids and posture, hearing
aids and stability, among many others. We also used a few different terms such as hearing devices
and gait, hearing aids and vestibular function, hearing aids and rate of falling, hearing aids and risk
of falling, and others. For their study, two authors independently searched for relevant abstracts
and data was abstracted by using standardized pro forma. The present study was performed by the
main author and no standardized form was used to extract data. Their search resulted in 5,768
articles and 8 studies cross-sectional studies were included for their study. The present study
included 10 articles that assessed the impact of hearing aids in balance and 4 articles that
investigated the effects of hearing aids on fall outcomes. Borsetto and colleagues (2020) analysis
suggested that individuals with hearing loss have some benefit in balance control when using
hearing aids mainly in the presence of auditory inputs or if they have a vestibular loss. Similarly,
our results suggested benefit in balance control outcomes when individuals with hearing loss use
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amplification and particularly if they have a vestibular loss with the two additional studies that
were included in our study supporting these findings.

RECOMMENDATIONS FOR FUTURE RESEARCH

Future research is needed to obtain a clear response on the effect of hearing aids on balance
and falls. Studies must consider and reports detailed information regarding the type, degree,
configuration, symmetry and time of acquisition of the hearing loss among other as this could
affect results and will limit the external validity of the studies. Similarly, detailed information
about the type of hearing aid used by the participants in the study is necessary for validity and
replication of studies. Specifically, unilateral or bilateral fitting, style, overall gain, programs with
the hearing aids, time of acquisition, fitting formula, compression or transposition processing
algorithms, any possibility of distortion, data logging, verification and troubleshooting for
malfunctions. Further study is needed to analyze the effect of the type of ambient sound, the
presentation level and the type of presentation. Both self-reported and measured balance and falls
outcomes provide important information to the field of audiology, so both types of studies should
be investigated to reach a consent on the effect of hearing aids on balance and falls. Moreover,
other areas like cochlear implants, SSD, bone anchored hearing aids, CROS/BICROS, unilateral
fittings, different levels of technology, over the counter, and maybe personal sound amplifiers
should be investigated in relation to balance and falls. Additional cross-sectional studies are
needed that compared the effect of hearing aids on balance within groups with only hearing loss
and hearing loss plus vestibular deficits to provide more information on the effect of hearing aids
on balance in individuals with vestibular disorders.
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CLINICAL IMPLICATIONS
This systematic review revealed that hearing aids may be an important intervention for
adults with hearing loss to improve balance control and preventing falls on adults with hearing
loss. These findings are clinically imperative as they suggest that hearing aids may be an important
tool for fall prevention in adults with hearing loss. Thus, among the health community there should
be more education regarding the increased risk of falls in adults with hearing loss as well as the
benefits of amplification in improving balance and reduce risk of falling. Hearing loss should be
widely known as a modifiable risk factor for falls and assessment for hearing loss should be
included in the risk assessments performed by primary care physicians. Primary care and any
physician that suspect hearing or balance difficulties should ideally recommend baseline
audiological evaluation or, at least, perform a screening for fall risk and hearing difficulties using
the Hearing Handicapped Inventory for all adults and older adults.
CONCLUSIONS
Recent research suggests that hearing loss is a significant risk factor for negative mobility
relevant outcomes such as falls. Furthermore, studies have shown that individuals with hearing
loss later on develop more problems with walking than those without hearing, suggesting that
hearing problems may have preceded the mobility-related problems (Campos et al., 2018). Also,
adults with poorer objectively measured audiometric hearing loss demonstrated increased postural
sway than those with better hearing (Campos et al., 2018). Adults with mild hearing loss have
slower gait speed, reduced ability to complete chair stands and poorer standing balance, while
those with more severe hearing loss are at greater risk of overall disability and had an increased
need for nursing care than those without severe hearing loss (Campos et al., 2018). Studies
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additionally showed an increased risk of frailty and a 69% higher odds of experiencing a fall in
adults with hearing loss (Campos et al., 2018). Therefore, there seems to be a clear association
between hearing loss and increased falls risk and, unfortunately, even to this day hearing loss is
not included in fall assessments in the medical field.
Hearing seems to make people more aware of where they are relative to important events
and objects in our environment and it allows us to track our changing position dynamically over
space and time (Campos et al., 2018). Auditory cues are used in combination with other sensory
inputs (visual, vestibular, proprioceptive) to help us perceive our own movements through space,
known as self-motion perception (Campos et al., 2018). Hearing provides spatial awareness and
decrease cognitive overload. This is affected in adults with hearing loss resulting from auditory
deprivation and a decline in the ability to notice auditory cues may lead to lower awareness of
one’s surroundings and thus to higher incidence of falls.
Unfortunately, the use of hearing aids (HAs) as a potential treatment intervention for those
with hearing loss remains low (Mahmoudi et al., 2019). This has been attributed to multiple factors,
including lack of perceived need, limited apparent benefit, uncomfortable fit, a complex system of
hearing care with multiple points of contact, stigma, and cost (Mahmoudi et al., 2019). Evidencebased research on hearing interventions among older adults with hearing loss is gaining momentum
in recent years. Additional longitudinal research on the topic is needed. Believing in one’s physical
and cognitive ability to socially engage and accomplish a task or participate in social events has
been shown to advance cognitive measurements (Mahmoudi et al., 2019). In contrast, isolation
and depression are independently associated with Alzheimer’s disease and dementia-related
illnesses (Mahmoudi et al., 2019). Despite evidence related to the positive association between
hearing aid use and improvement in quality of life and wellbeing, prior studies have reported
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conflicting results regarding the preventative role of hearing aids in age-related conditions
(Mahmoudi et al., 2019).
Findings from this systematic analysis suggest that there may be a benefit of using hearing
aids on both balance and fall related outcomes for older adults with hearing loss. Current research
is not entirely in agreement. However, our analysis leads to conclude that there is a possible
improvement in balance and falls, specially, for individuals with hearing loss and concomitant
vestibular loss. It appears that these individuals benefit more from auditory cues to maintain
balance. However, further study is needed to clarify this relation. Studies should be more specific
and clear gathering and reporting detailed information about sample (e.g. medications), hearing
loss and hearing aids since they can strengthen the both the internal and external validity of the
studies. Additionally, they should choose carefully the task to avoid ceiling effect and outcome
measured as well as take into consideration the type, level and setting of ambient sound used in
their study. More research regarding the effects of bone anchored hearing aids, unilateral hearing
aid fitting, CROS/BICROS systems as well as cochlear implants on balance is imperative.
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